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ABSTRACT 


A study was initiated in the Kinsella region of 
the east-central Alberta parkland to investigate interre- 
lationships of topography, soil and aspen (Populus 
tremulotdes) vegetation. The rate of invasion of grass- 
land by Populus tremuloides was also studied. 

A reconnaissance approach was taken the first 
summer (1970), a more intensive ecological study followed 
in the summer and fall of 1971. Six groves were sampled 
using a stratified random method of plot location. Bata 
were collected On species canopy coverage, Populus tremulctides 
height, age, diameter and basal area. _ Slope position, 
degree and aspect were recorded and soils were sampled for 
nutrient and texture analyses. Legal land surveys of 1903 
were compared with aerial photographs of 1963 to estimate 
rate of aspen invasion. 

Veuetation data were analyzed by cluster analysis 
and ordination. Although four basic community types were 
recognized, the vegetation within the Populue tremulotdes 
groves showed enough gradational pattern to be considered 
a continuum. The continuity illustrated by the plot ordin- 
ation and the cluster analysis and ordination was partly 


ecological and partly due to methods of data coliection and 


analysis. 
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Populus tremulotdes growth, judged in terms of 
basal area, height and age, was found to be least favourable 
on south-facing aspects and on the lowest slope position. 

The largest and oldest trees were found at a distance 

upslope from the slough edge corresponding to the region 

in which local ground water recharge patterns gave way to 
discharge patterns. This was the break in the slope where the 
soils showed variable degrees of gleying and recarbonation. 

The Populus tremulotdes invasion of 7.6 m/km/year 
into grassland was considered high; it was felt that eco- 
logical factors favoured continued expansion of Populus 
tremulotdes. However, checks were being provided by man's 
agricultural activities. 

Sloughs occupied some of the depressions in the dead 
ice moraine landscape. Around the sloughs and extending 
progressively upslope were Salix spp., Saltx-Populus tremu- 
toides, large Populus tremulotdes, medium Populus tremulotdes, 
small Populus tremulotdes and eventually shrub and grassland 
communities. Associated with the topographical and suc- 
cessionai (forest age) gradients were gradients of soil 
subgroup and moisture content, from Humic Eluviated 
Gleysols at the moist slough edge to Dark Brown Chernozems 
atl the Gdriér grassland positions. Soil nutrients also showed 
certain patterns but their distributions were influenced by 
other edaphic factors as well as topographical and environ- 


mental factors. 
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Interrelationships between Populus growth para- 
meters and selected species within the groves, between 
species and topography and between soil and topcgraphical 
parameters were described. More detailed studies are 
needed to develop numerical and/or cause-effect reiation- 


ships for any combination of the above parameters. 
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INTRODUCTION 


In central Alberta and Saskatchewan and in southern 
Manitoba there occurs an extensive vegetation type known 
as the aspen parkland. The type is so named because of 
the interspersion of aspen groves and grasslands resulting 
in a park-like appearance. In the central part of the 
belt the two types of vegetation dominate practically equal 
areas, the Populus eee community occupying the 
more moist and sheltered situations, the prairie occurring 
on the drier and more exposed positions. Near the southern 
limit of the parkland, prairie vegetation occupies the larger 
proportion of the region, with wooded vegetation being 
mainly confined to the margins of sloughs, banks of streams 
and north-facing slopes of deep ravines and river valleys. 
Towards the northern and western limits of the parkland on 
the other hand, the bulk of vegetation is comprised of 
Populus tremulotdes while prairie vegetation is restricted 
to steeper and drier south-facing slopes (Moss, 1932). 

The grassland component of the parklands is 
comprised of a number of communities. According to Wroe 


(1971), the Festuca seabrella community is most extensive 


LNomenolatire of the plants follows Moss (1959). 
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and occupies a mesic location in the landscape. Southern 
exposures of hills are occupied by the Stipa spartea var 
eurttseta-Festuea seabrella community, while the Stipa 

spartea var curttiseta-Artemtsta frigida community occupies 
upper south-facing slopes. Shrubs such as snowberry 
(Symphortcarpos oecitdentalis), wild rose (Rosa spp.), rasp- 
berry (Rubus strigosus) and silverberry (Elaeagnus commutata) 
occur as margins between the grassland and Populus tremulotides 
groves or as separate stands in the grassland. 

The aspen groves are comprised of Populus tremu- 
lotdes and to a lesser degree, balsam poplar (Populus 
balsamtfera). Within an aspen grove there is much variation 
in understory species, especially in the distribution of the 
shrubs Amelanehter atlntfolta, Symphortearpos ocecetdentalis, 
Rubus strtgosus, Rosa woodsit and Rosa actcularts. Grass, 
grass-like species and forbs comprise the lower layer of the 
Populus tremuloitdes community. 

A number of investigations of Populus tremulotdes 
growth characteristics have been made in the north central 
United States, Saskatchewan and Alberta. Populus tremu- 
loides is adapted to a wide range of ecological conditions, 
including dry knolls, moist river flats and soils of various 
textures, (Moss, 1955) . The best growth has been found to 
be on loam soils in a moderately moist habitat (Gates, 1930; 
Rettredge, 19398, Maina, 1960; Moss, 1955 “and Stoeckeéler, 
1960)% Water relations, influenced by soil textures, 


precipitation, ground water, aspect and topography are felt 
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to be of primary importance to the growth of Populus 
tremultotdes (Fralish, 1972; Graham et al., 1963; Meyer, 
T9506 peo toeckelean, WLIO M Voigt ef ale, l9>/ and) Wilde and 
BrOniny.o 40). The life history of Populus has also been 
the subject of investigation in the past (Bird, 1930, 1961; 
Day, 1944; Gifford, 1966; Kirby, 1957; Maini, 1960, 1968; 
Moss, 1938: Zalasky, 1970). However, the structure of the 
Populus tremulotdes community in the Canadian aspen parkland 
has been relatively unstudied, Some work has been done on 
species composition and general eee (Hilton and 
Bailey, 1974; Maini, 1960; Moss, 1932 and Wroe, i971) but 
there was a need for a clearer understanding of the relation- 
Ships of the vegetation to the environment. A closer study 
of soil characteristics and the specific soil types associated 
with the Populus tremulotdes community was essential to this 
understanding and would be of value in the continuing study 
Of Populus tremulotdes invasion into grassland. 

Prompted by the gap in the scientific literature, 


a study was initiated with the following objectives: 


1. to investigate species composition and inter- 
relationships within aspen groves in the east 
central Alberta parkland. 
2. to investigate the relationship of topography 
and soil to growth of Populus tremutlotides. 
3. to investigate the interrelationships of 
dae Soa on= topography, and soil within the 


aspen groves and 
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4. 


to investigate the successional status of 
Populus tremulotdes in the east central 


Alberta parkland. 


DESCRIPTION OF THE STUDY AREA 


The study area was located on the University of 
Alberta ranch at Kinsella, 153.6 km. south-east of 
Edmonton, Alberta. Geologically, Kinsella bedrock is in 
enesgralesbeds Division (Wyatt er als, 1944}. During the 
recession of Keewatin glaciation, 15,000 years ago, the 
area waS overlain by heavy eeu red til ives the 
Viking moraine. This till often contains a high percentage 
of medium and coarse sand. Soil developed from this till 
is of a medium loam texture, with few to many glacial 
stones. Mosaics of Dark Brown, Black and Dark Grey 
Chermozemic soils are found over much of the area with 
gleysolic soils in the vicinity of the depressions. The 
hummocky disintegration moraine gives the area a knob 
and kettle effect with some of the depressions being quite 
large, holding water throughout the driest months. The 
very alkaline sloughs have salt encrusted shorelines they 
appear to be the terminal drainage basins for the many 
smaller, less brackish sloughs located at a slightly 
higher elevation. 

The climate of the area is classified as Dfb, 
humid microthermal with cool summers (Trewartha, 1968). 


The average precipitation is 38 cm per year with 88.9 cm 
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of snow in winter and the remainder falling as rain mainly 
anedunevand July. The mean monthly minimum temperature 

for the coldest month (January) averages -23°C and the mean 
maximum for the same month is-13°C. Summer minimums average 
6°C and maximums 19°C,with July being the warmest month. 
There aresvapproximately 115 frost free days in the growing 


seascn. Prevailing winds are from the west and northwest 


The vegetation in the study area is typical 
Alberta parkland as described by Moss (1955). The major 
grassland community in the parkland is the Festuca scabreltla 
association (Moss and Campbell, 1947). On exposed over- 
grazed knolls and south-facing slopes Sttpa spartea var. 
eurtiseta, Bouteloua gractlts and Agropyron spp. predominate. 
The lowest slope positions are often occupied by sloughs 
or wet depressions. Bresn water slougnsvare generaily 
dominated by Carex spp. and grasses which include Glycerta 
grandts, Poa spp., Beckmannta sehtzachne and Hordeum jubatun 
(iekton, £970) However, when the sloughs are brackish, 
the shorelines are heavily encrusted by salts and bare of 
vegetation except for the following halophytic plants: 
Pvectcnite eiriecta, FPuccineliia nuraticana, H#leocharvs 
patustrts, Saltcornta rubra, Chenopodtum rubrum and 
Suaeda depressa (Bird, 1961). 


Around the fresh water sloughs are found Salix 


communities, including basket willow (Satix pettolarts) 
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between high and low water levels and pussy willow (Sali 
dtscotor) at the high water level (Bird, 1961). In pro- 
gression away from the Salix communities are found commun- 
ities dominated by Populus tremulotdes. A shrub conmunity 
dominated by Symphortcarpos occidentalis is often found 
between the Popuius tremuloidege and grassland communities 


(Wroe, 1971). 
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METHODS 


I. Terminology 


"Plant community"in this study was used as a 
general term referring to a homogeneous group of plants 
having a characteristic pattern of species composition 
and dominance (Daubenmire, 1966). In the study area, two 
Major communities encircled most depressions or sloughs. 
In closest proximity to the slough was a Salix spp. domin- 
ated community which was replaced further upslope by a 
community dominated by Populus tremulotdes. Together 
these two communities comprised an "aspen grove." The 
groves were located in the mesic habitat provided by the 
mid-and lower-slope positions in the rolling topography. 
Groves were replaced upslope by the grassland community 
and downslope by the sedge (Carex spp.) community of the 
moist depression. 

The canopy coverage concept used in this study 
followed that of Daubenmire (1959) where canopy coverage 
was defined as "the percent of ground covered when a poly- 
gon, drawn about the extremities of undisturbed canopy of 
each plant, is projected upon the ground and all such 


projections on a given area are summed." 
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The species with the highest canopy coverage in 
each study unit was considered the dominant species. 
Subdominants were species with a canopy coverage of at 
least 60 percent of the dominant. Tentative communities 
and clusters were defined by the dominants and subdominants 
Of Gach stratum? A stratum was a layer of vegetation 
that was distinguished,mainly by height above the ground 
and plant composition, from other iayers of vegetation in 
the study unit. There were basically three strata in 
the communities studied--tree, shrub and herbaceous. A 
stratum was included in the definition of a cluster or 
community only if the dominant species for that stratum 
had a cover value of at least 38 percent. Codominance 
was expressed by a dash (-) and subdominance by parentheses 


( ) while strata were separated by a slash (/). 


Ii. ‘Selection. Criteria 


After studying the aspen groves on the ground 
and on aerial photographs, ten groves were selected for 
study. The groves selected appeared to be representative 
OLemostugqroves in the studysarea. To facirlitatesthe 
objectives of the study, the groves selected met the 


following criteria: 


1. the Populus tremulotdes appeared to have 
expanded vegetatively from the edge of a 


water filled depression or slough 
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2. at least two age groups of Populus tremulotdes 
and Saltx were present 

3. the groves could be recognized as a distinct 
unit, and 

4, there was little or no disturbance caused by 


livestock er man's activities. 


The third criterion was added to eliminate complexities that 
the author felt would arise if contiguous groves were 
studied before a basic description of individual groves 

was obtained. However, groves meeting all four criteria 
were scarce in the study area and the third criteria was 


not always met. 


IIIT. Snow Depth 


Snow depth was recorded in the winter of 1970 
and 1971 to assist in the interpretation of summer soil 
moisture data. Transects were located in two groves and 
snow depth was measured with a metal rod at ten pace 
intervals downslope from grassland to slough edge. Measure- 
ments were taken once a month in January, February and March 


1970 and November to March in 1971. 


IV. Vegetation 


A reconaissance study of the selected groves was 
undertaken in the summer of 1970. Populus tremuloides 
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was divided into three size classes -=- small 0.89 cm DBH, 
medium 9-17.8 cm DBH and large >17.8 cm DBH where DBH 

was diameter at breast height. Individual stands of plant 
communities were recognized on the basis of Populus 

Size class, and dominant understory vegetation. OCuna 
estimates were made of canopy coverage for all species 
within a stand in each of six groves (Figure 1) following 
the method described by Daubenmire (1959). A seven class 


scale was used: 


Range in Cover Class Mid Point 


(3) 


A stratified random method of sampling was used 
ins LU vale Each of six groves was divided into 4 pie-shaped 
segments along the northwest, southeast, northeast and 
southwest axes. Within each guarter, an angle was randomly 
chosen between 0 and 90 degrees. This angle was extended as 
a belt transect from the centre outward to the edge of 
the grassland. Each belt transect was divided into 


6 equal segments and a 1.5 x 6.6 m plot was located 
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randomly within each segment (Figure 2). 


Within each 


leone oO, OEmMs plat, stwo ae quadrats were randomly located, 


one on either side of the center line. 


2 
comners Of the one-m ‘quadrat, 


At all four staked 


a Z0exe50P cm pi ob ttrame 


was centered and oriented inward toward the diagonally 


opposite corner. 


Vegetation data collected within each one m? 


quadrat included a list of vascular plant species and 


canopy coverage of each. The 
205s) 50° Cmoftraemes and’ a scale 
used in 1970. An add rel onal 


3 and 4. That is therange of 


point 10 and class 4 became 15 - 25%, 


remaining 4 classes were unchanged. 


height of the closest tree to 
one m* quadrat was measured. 

average tree diameter in each 
slope, were cut down in order 


count and to measure height. 


diameter at breast height was 


cover was recorded using the 


sligntly different’ from-that 


class was inserted between 
class 3 became 5 - 15%, mid 
Mio poOines20. The 


Diameter at breast 
each of two corners of the 
Two trees, representing the 
of the six segments per 

to estimate age by ring 

For half of these trees, 


also measured. A reading 


for basal area was taken at the center of each quadrat 


using a prism. Bitterlich 
modern equivalents) measure 


quency method. This gives 


angle gauges (prisms are 
stem cover by the point fre- 


an indication of species 


dominance, an important parameter in vegetation ecology 


(Mueller-Dombois and Ellenberg, 


1974). 
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Figure 2. Location of sample plots within a grove, 1971. 
Only one of the four transects is illustrated. 
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Field notes from the 1903 Legal Land Survey 
(Saint Cyr, 1903) on and near the study area were compared 
to 1963 aerial photography of the same area. By comparing 
theganecasoceipiedspy brush +in’ P903etoethat in 19637 the 
rate of spread of brush could be estimated. Twenty-six 


L316 t*km “transects were studied. 


Ve eoOLES 


Soil moisture data were collected in June, July 
and August 1970 using the gravimetric method (Ehrenreich, 
LOG 22 Water content was meneured aS a percent by weight. 
Sample sites were located along the transects used to 
record snow depths. Soil temperatures were 
recorded at each moisture sampling location by using a 
metal dial thermometer with a 15 cm probe. in order to 
reduce possible diurnal effects, all readings were taken 
in the morning. in 1971, temperature readings were taken 
in August at the center of each l m- Guadrati.. a.cOl.s 
were characterized and nutrient samples taken in both 
field seasons. Pits were dug along the soil moisture 
CEanSseCuse i ie Oy OPmDUte TOL ol, -assOllm plu. Wasecug 1 Gr 
each Of the 1.5 x 6.60 Miplots at a Site representative Of 
the two 1 m- plots in the macroplot. Soil characters 
determined included type of horizon, depth, texture, 


consistence, color, structure and depth to lime. Samples 
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of each horizon were collected and sent to the Scil and 
Feed Testing Laboratory,Alberta Department of Agriculture. 
Tests included were: available nitrogen, phosphorus, - 
potassium, sulphur, pH, salinity, sulphates, organic 
matter, free lime and texture. Samples were also collected 
in 1971 for texture analysis by the Bouyoucos (1951) 


method. 2 


Vie Topography 


In 1971, slope position and degree were recorded 
2 
for each one m’ plot with the aid of an abney level. A 
profile was made of each of the four slopes in the six 


groves. 


2some modifications of the Bouyoucos method 
were used. Partacle size was done on a 50 gmvoven-dried 
sample which was slaked in 100 ml of Calgon solution for 
at least 15 hours. A thrneé minute mixing time was used 
consistently for all samples prior to being washed into 
the cylinders. Readings were taken at 40 seconds and 
2nCurs selPercent esand sisi bewandiclay werercal culated aby, 
the following method after correction for temperature and 
Calgon: 


40 sec reading x 2 = % clay and silt 


% clay 


2 hr reading xX 2 


WOO et (SrsilLeeand’ clay) #= 21% ‘sand 
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VII. Data Analysis 


Association tables were constructed for vegetation 
data of 1970 to obtain a general picture of community types 
present. An Ordination program developed by Pinchbeck 
(1972) , based on the work of Swan et al. (1969), was used 
on both 1970 and 1971 sets of data. Interplot distances 
were not calculated using the earlier technique of Bray 


SHCeel melon Lo5/ )outeby Euclid uangostance 


De Ss eRe Say? ere (Orloei, 1966) 
where Tee 
j and h = two stands 


Xx; = the ith species score. 


The method of chosing the first two reference stands for axis 
one has varied in the literature. Some of the methods include 
(a) the two most dissimilar stands (Bray and Curtis, 1957), 
(b) the most dissimilar stand and that with the least sim- 
Dari ytOnt hemi cote (Beals 21960) Maycock and wCumuis, 319.60)), 
(c) thesmost similar Stand and that with least similarity to 
omuserninger, L969) and. (djaethe! first jaxts being senate wach 
accounts for the highest proportion, of the sum of squares for 
aliwinterstand distances a(Swan 2t) al. , 1969), The method of 
axis. selection used by Swan et al.(1969) -was followed in this 
study. The positioning of remaining stands on the axes 


followed Beals (1960). 
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The clustering algorithm used was that of 
Carmichael et at. (1968) in which a*similarity vector 
based on Euclidean distance was searched progressively for 
plots with highest similarity. Each point being considered 
for inclusion in a cluster had to meet four criteria based 
on difference between drop in average linkage and new aver- 
age linkage, between drop in best single linkage and new 
single linkage and ratio of minimum similarity within the 
cluster to minimum similarity of point being considered and 
any point in the cluster. Computer programs used for 
clustering and ordination of clusters by a matrix’ of inter- 
cluster distances were developed by Pinchbeck (1972) and 
are found in the Range Management Laboratory, Department of 
Plant Science, University of Alberta. Correlation programs 
used on the data were obtained from Computing Services, 
University of Alberta. An arc-sin transformation was per- 
formed on all canopy coverage data prior to analyses. 

The 1970 vegetation analyses used species data 
collected from individual stands 30 meters by six to nine 


meters. In 1971 the unit of measure was a l m2 DLO ie 


For each species, the canopy coverage value used was the mean 


derived from the four 20 x 20 cm frames located within the 
1 m2 plot. Analyses using canopy coverage were therefore 


based son input from 48 plots in Gach grove. 
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RESULTS 


I. Vegetation 
AS) Species s Distribution and! Ordination 


~The dominant species of the upper stratum of 
most community types within the aspen groves was Populus 
tremulotdes (Table 1). The size and age of this dominant 
varied among community types although the majority of the 
trees were between ten and forty years old. The major 
subordinates in the understory were Rosa woodsti and 
Symphortcarpos oectdentalts in drier areas and Salix spp., 
Rubus strigosus and Carex spp. (mostly Carex pratrea) in 
moist to wet areas. The common forbs throughout the aspen 
gGroves@included: Galitumoboreale, Pyrola asartyfotlia,. Viola 
aagunca, Fragarta virgentana var. glauca, Smitacina stellata 
and Anemone canadensts. A continuum Of species was apparent 
along the topographical and moisture gradient existing from 
hivitap to slough edge. “In all four groves! there was a 
similar gradual change in species and species richness that 
corresponded to increasing proximity to the slough edge 
(Appendices 1 - 4). 

In the Salix dominated communities, the canopy 

coverage of species such as Rubus strigosus, Carex spp., 


Poa spp., Calamagrostis spp., Aster hesperius, Stachys 
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TABLE l 


Mean Cover Values (%) for Common 'Plant Species (? 
of Four Main Community Types Sampled in Four 
Aspen Groves at Kinsella, Alberta, 1970: 
he, TE a a EON 5k, <a 
a y So Potr/ 4 Sain. Potr/ lPotr| Seatizx/ 
Syoe | Syoe(Rowo) H Carex 
Species 16 15 i 
Festuca scabrella z 7 
Amelanchter aintfelta 9 3 
Aster Laevis 4 6 
Pyrola asarifolia 4 5 
Rihes oxyacanthoides 2 2 
Viola adunca 7 7 
Galium boreate 4 4 : 
Smilacina stellata 6 5 
Aaropyron spp. 7 12 ae 
Rosa aciecularis 5 8 4 
Arenarta latertflora PA ) 2 
Populus tremulotdes 90 79 12 
Symphoricarpos occidentalis 38 36 10 
Rosa woodsit . 31 29 | 11 
Pragarta virginiana 6 7 12 
Taraxacum offtcinale 2 4 | 9 
Carex Spp. 18 29 | 67 
Anemone canadensis 6 | 9 | 7 
Rubus strigosus 16 | 17 | 32 
Poa spp. 5 4 | 25 
Salix spp. 2 18 8s 
Aster hespertus 2 6 5 
Stachys palustris Stpa 1 3 15 
Geum allepicum CGeal \ at 10 
Poa palustris Poapa 2 26 
Mentha arvensis Mear 3h 15 
Seutellaria galericulata Seqa | a 2 
Carex atherodes Caath | i Ale 
Calamagrostis spp. Calsp. { 2 20 
Sonclus arvensts Soar | g 


Stellaria longifolia 


2 Species with >5% canopy coverage in at least one community 


» Populus tremuloides size classes: S§ - small 0 - 8.9 om 
m - medium 9.0 - 17.8 em 
l - large > 17.8 cm DB 
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palustris, Geum alleptcum and Mentha arvensis were more 
abundant than in Populus tremulotdes dominated communities. 
Other species including Viola adunea, Smtlactna stellata, 
Amelanechter alntfolta and Rosa woodsit showed decreased 
canopy coverage values in the moister habitats. Species 
more common to the grassland community were also found in 
the aspen groves. The presence of Festuca seabrella and 
Elaeagnus commutata was probably due to the recent invasion 
of Populus tremulotdes onto grassland. 

In order to illustrate the distribution of 
Species within an aspen grove, cover values of selected 
Species were superimposed upon the plane defined by the 
Xeand WY axes of thes1970 plot ordination (given in a later 
section). 

The abundance of Salix spp. in many plots in 
which it did not reach a sub or co-dominant level was 
evident in Figure 3. High cover values for Salix spp. were 
FOuUNdsONe them tLarslortmOLeLCherXmaxiS mec aren Spp, were found 
in”all positions on the ordination field, however, highest 
cover values were associated with the plots dominated by 
Saldnu, Spp. Carex atherodes was predominantly associated 
with Saltz spp. while Carex pratrea was found under small, 
medium and large Populus tremulotdes and Salix spp. Carex 
obtusata was also present especially under small Populus 
tremutotdee. Since it was difficult to positively identify 
the latter two species in the vegetative stage, Carex 


pratrea and Carex obtusata were lumped together as Carex spp. 
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Figure 3. Distribution of cover values of selected species 
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on the XY axis of the ordination of plots, 1970. 
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Community Type (as per Figure 3) 


Dalve  Spp./Carcc, spp. 

valve Spp. {ls PoOpulus tremetordes) /Carex: spp. 
Ecotonal 

m Populus tremuloides/gramineae 

m Populus tremulotdes/shrub 

1 Populus tremulotides/shrub 

BReetonal lPopulusmcremucotaes, Saltx spp. /shrub 
Ss Populus tremulotdes/Carex spp. 
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Fubus strigosus distribution also showed high cover values 
associated with Salix spp. domination on the far left of 
the X axis. 

Although some Populus tremuloides was found on 
the starvleft of theo axis, the highest (cover values were 
at the right of the X axis (Figure 3). Symphoricarpos 
oeetdentalts was also found in most plots, however, there 
was a definite gradient of cover values from low to high 
(wet to dry) along the X axis from left to right. Rosa 
Wwoodste. like Symphoricarpos oecetdentalis, had its highest 
cover as understory to small and medium Populus tremulotdes, 
and declined towards the Salix spp. dominated left end of 
thepXeesxcis. Rosa acteularts showed consistently low cover 
values, and was predominatly associated with the older 
communities dominated by large Populus tremutoides. 

The distribution of Rtbes oxyacanthotdes was somewhat like 
that of Rosa actcularts, both occurring predominately as 
understory to large Populus tremulotdes, The canopy 
coverage of Ribes oxyacanthotdes did not reach values higher 


thane so percent invany plot. 


Boe Guna ters Analysis 


The vegetation within each grove and among groves 
was compared by cluster analysis using cover values for 
species in each plot as the variables. Analysis of 1970 
and 1971 data resulted in clusters differentiated predom- 


inantly on the basis of the following species: Populus 
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tremulctdes, Saltz spp. (Salix discolor and Salix bebbtiana), 
Symphortcarpos oectdentalis, Rubus strigosus, Carex spp. 
(mainly Carex pratrea), Rosa actcularts and Rosa woodsit. 

The clusters were ordinated in order to demon- 
stfate the relationship of one cluster to another and to 
give a graphical representation of the vegetation in each 
grove. In the following figures, circles represent 
clusters comprised of two or more plots. 

The intercluster distance was determined from the 
sum Of sthe two cluster radii plus) the distance between the 
nearest neighbours of the two clusters. The cluster radius. 
was defined as one-half the maximum interplot distance 
wich occurred withinsthe cluster, (Carmichael, 1970). ‘fhe 
dotted boxed areas are approximate groups of single plot 


clusters by vegetation type. 
1. Grove Two 


FOpuUtuS Pearnie riere was the dominant in eight of 
the nine main clusters (Figure 4, Table 2). The nineteen 
Single plot clusters varied widely in their dominant 
Species (Appendix 5). The X axis was considered to be one 
of decreasing soil moisture, (left to right), with the 
Hhinestmaim clusters bavang dittle or no Salita spp., Carex spp., 
Calamagrosttis spp. and other species adapted to a moist 
habitat (Table 2). The main clusters were located near the 
far right on the drier end of the axis and the remaining 35 


percent of the plots were scattered along the X axis 
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Figure 4. (Ordination of clusters from grove two, 1971. 


4A. on the XY plane 


4B. on the XZ plane 


(a) 


Code Ciuster 

iL s, m Populus tremutlotides 

2 s Populus tremulotdes/Symphortcarpos 
oectdentalts 

3 Symphoricarpos oectdentalis 

4 s, m Populus tremulotdes/Rosa woodstt 

5 m Populus tremulotdes 

6 m Populus tremulotdes/Symphortearpos 
oceidentalts 

7 m Populus tremulotdes/Ametanchier 
alntfotltra 

8 m Populus tremuloides/Rosa acteularts 

9 m Populus tremulotdes 

Ss small Populus tremulotdes 0 - 8.9 cmDBH 

m medium Populus tremulotdes 8.9=17.8 cmDBH 


fonly the replicated clusters are named 
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TABLE 2 


Mean Cover Values (%) of Important Species for Nine Main 
Clusters of Grove Two, 1971 


Cluster Number ‘2? 


On Ser rare 


[ 6 
___Cluster 


nips mPotr/is, m PotymPotr | ee s Potr/ ede m Petr/A Syoe 
_ Roae Syoe frovo | Syoe Anat | 


Ne. a 


out 


Species 


Ametanchier Amat 
aintfoltia 

Smtlactina Smst 
steliata 

Thaltetrum Thve 
venulosun 

Fragarta Frvt 
virgintana 

Rosa Roae 
actcularis 

Rosa Rowo 
woodstt 

Populus Potr 
tremulotdes 


Symphortcarpos Syoe 
oectdentalis 


Rubus Rust 
strigosus 


Calamagrostis Cal spp 
. spp. (¢ 


Poa Poapa 
palustris 


Carex spp. (d) Carex 
Salix spp. (e) Salix 


®clusters in horizontal sequence as found on X axis from right to left 


PEopulue tremulotides size class: s - small 0 - 8.9 cm DBH 
m - medium 9.0 - 17.8 cm DBH 
1 - large > 17.8 cm DBH 


“Includes Catamagrostis neglecta; C. tnexpansa 


dr ncludes Carex praitrea and small amounts of less common Carex species, 


®Includes Salix bebbiana; S. discolor 
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LubpChereveree (Figure 4). 

Clusters were separated along the X axis on 
the basis of cover of Salix spp. and Populus tremulotdes, 
and along the Y axis by their increasing abundance of 
Populus tremulotides or Salix Spp. Those clusters (24, 16, 
11 and 28) in which Carex spp. were dominant in the under- 
story showed greater distance from the main clusters on 


the XZ ordination plane. 
2. Grove Three 


Cluster analysis of grove three yielded seven 
Main clusters and nine single plot) clusters. (Figure 5)/- 
Populus tremulotdes was the dominant tree in four clusters 
(7 3, 16, anda 7) “These clusters’ were separated from one 
another by understory species and to a lesser degree by 
the actual cover values of Populus tremulotdes (Table 3). 

The X axis separated those clusters dominated by 
Populus tremulotdes from those dominated by Salix spp. 
(rus berceceandas)s. 

The Y axis seemed to separate those clusters 
(5 and 15), with higher Rubus strtgosus cover and low 
Populus tremuloides from the remaining clusters. On the Z 
axis it was the clusters of lower Populus tremulotdes cover 
and those with higher cover of understory grasses that were 


located farthest from the X axis (clusters 4, 10, 11, 13, 
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Figure 5. Ordination of clusters from grove three, 1971. 


5A. on the XY plane 


5B. on the XZ plane 


SS) 


(a) 


[ Gluscen 
| L Ss, m Populus tremulotdes 
2 Seibyban, helerr. 
3 1 Populus tremulotdes/Carex Spp. 
4 Symphoricarpos occidentalis 
| 5 Rubus strigosus/Poa palustris 
6 m, 1 Populus tremulotdes 
V s Populus tremulotdes 
s small Populus tremulotdes 0 - 8.9 cm DBH 
™ medium Populus tremulotdes 9.0 -17.8 cm DBH 
1 large Populus tremulotdes 17.8 cm DBH 


fonly the replicated clusters (circles) are named 
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TABLE 3 


Mean Cover Values (%) of Important Species for Seven Main 


Species 


Agropyron 
spp. 
Festuca 
seabrella 


Fragarta 
vtrgintana 

Rosa 
actcularts 


Populus 
tremulot des 


Symphortcarpos 
oeetdentalts 


Rubus 
strigosus 


Carex spp. (¢) 


Anemone 
canadensis 


Salix spp. (4) 


Poa 
palustris 


Carex 
atherodes 


Clusters of Grove Three a BEST AL 


Cluster Number (@) 


3 6 y 4 5 2 


Cluster 


@clusters in horizontal sequence as fcund from right to left on X axis 
b 


Populus tremulotdes size classes 


0 - 8.9 cm DBH °: 
9.0 - 17.8 cm DBH 
17.8 cm DBH 


s - small 
m ~- medium 
1 - large > 


“Mostly Carex pratrea 


Srncludes Saltz bebbiana, 


S. dtecolor 
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8. Grove Four 

Four main clusters were separated leaving sixteen 
plots as single plot clusters (Figure 6). The four main 
clusters differed chiefly in cover of Populus tremuloides, 
Saltx spp., Rubus strigosus, Symphortearpos occidentalis 
andeCares spp. (rable 4)... The clusters were distributed 
along the xX axis “from left to right in order of caécreasing 
Salix spp. cover and increasing cover of Populus tremu- 
Lotdes. The mid-locations were once again taken up by 
clusters dominated by shrubs alone or in conjunction with 
Populus tremulotdes with low cover values. 

The Y axis seemed to separate clusters having a 
more dense herbaceous understory (clusters 5, 6, 16 and 
17) from those with a more dominant shrub strata (Appendix 7). 
The Populus tremulotdes/Festuca scabrella clusters (5 
and 6) were located furthest along the Y axis from the 
X axis. 

The majority of clusters were separated cn the 
XY plane, but the shrub dominated and/or the low poplar 
COV CIS Conse Garoge oyeele, bs and: 20) and the Popucus 
tremuloitdes/shrub/herb clusters (2 and 19) were differen- 
tiated on the XZ plane. 

Although the vegetative picture using the four 
main clusters appeared most discontinuous, ecotones did 


exist as single plot clusters. 
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Figure 6. Ordination of clusters from grove four, 1971. 
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4. Grove Five 

Eight main clusters were recognized leaving nine 
Single plot clusters (Figure 7). There were three main 
separations evident in the ordination, one corresponding 
top each vaxis. Along the X axis Populus tremulotdes 
dominated clusters (Table 5, Appendix 8) were separated 
EPLOMECLUStCCLSTOL Populus DalSamljerasand).al71s SPD. 
dominance. 

The Y axis separated these Populus tremulotdes/ 
Carex spp. clusters (8, 14 and 12) from Populus tremuloides/ 
Shrub, salixz spp. and Populus baleamtyera clusters (Figure 
Wigs The Populus tremulotdes/herb clusters (9 and 10) were 
centrally located between the latter three cluster types 
in the XY plane. The cover values of Populus tremuloides 
auUsOmiancreasedarromeboteommco toprol the sy “axis. 

The Saltx spp. cluster (3) was lifted above the 
XY plane and separated on the Z axis from the other moist 
habitat clusters dominated by Populus balsamtfera. 

For grove five there appeared to be four main 
groups of clusters with only a limited amount of continuity 
among them. These were the Populus tremulotdes/shrub, 
the Populus tremutotdes/Carea spp., the salix spp.and the 
Populue Dalsameyerd Group,Ok clusters, The Populus 
tremulotdes/herb clusters acted as the continuity between 


Populus/shrub andPopulus/Carex spp..clusters but there 
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Figure 7. Ordination of the clusters from grove five, 1971. 
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was little continuity evident among the latter groups and 


ine alts Spp. Ox Populus balsamnimarcae clusters. 


5. Grove Erghtr 

Four major clusters and fifteen single plot 
elusters were mecognized (Figure a): Once again Populus 
tremulotdes and Saltx spp. dominated clusters (Table 6) 
were separated along the X axis, with clusters of pre- 
dominantly shrub overstory (clusters 2, 7; 8, 10 and 19) 
located near center. 

The Y axis was related to increasing cover of 
shrubs and decreasing cover of Populus tremulotdes 
(Appendix 9). 

Separation of clusters along the Z axis appeared 
to be from high herbaceous cover near the X axis (clusters 
17 and 18) to low herbaceous cover (clusters 1 and 13). 
The Z axis actually lifted most of the clusters about 
equally above the X axis (XY plane) with the Populus 
tremulotdes/shrub group located furthest up the Z axis. 

It would seem therefore that in grove eight the herbaceous 
understory did not differ greatly among the majority of 
clusters. A discontinuity between Saltx spp. dominated 
clusters and the remaining clusters existed in grove 
eight. The remaining clusters, however, formed a 
continuum from high to low Populus cover along the X 


axis. 
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Figure 8. Ordination of the clusters from grove eight, 
Lo 7a 


8A. on the XY plane 


8B. on the’ XZ plane 
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6. Grove Ten 

Of the six major clusters, four were dominated 
by Populus tremulotdes (Table 7) and were located to the 
Bight end of the X axis (Figure 9) while the Salix spp. 
dominated clusters were located at the far left. Inter- 
mediary positions along the X axis were occupied by the 
Saltx-Populus tremuloides cluster (16) and those ciusters 
with little or no Populus tremuloides (Appendix 10 and/or 
WLehe a dominante shrub (clusters 11, 13, 14 >and 415) 

The Y axis served to separate cluster 2 and to 
avtesser degree, cluster 5 from the remaining clusters. 
The common component of clusters 2 and 5 was the presence 
oT Canexrvatherodes, Calamagrostis .spp., Poa palustris and 
Sal 26S 0p. | 

The Z axis drew those clusters with shrub dominant 
and/or low Populus tremulotdes cover away from the XY plane. 
However, the cover values were such that a continuum 
actually existed between the shrub clusters and the Saltz 
clusters in one direction and the shrub clusters and the 


Populus tremulotdes/shrub clusters in the other direction. 


7. Groves Two, Three, Four and Ten 
Cluster analysis of plots in groves two, three, 
four and ten resulted in forty-two main clusters and 
thirty-nine single plot clusters. However, there were only 


sixteen main clusters that were not linked to any other 
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Figure 9. Ordination of the clusters from grove ten, 1971. 


9A. on the XY plane 


9B. on the XZ plane 
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Ss small Populus tremulotdes 0-8.9 cm DBH 

™m medium Populus tremuloides 8.9 - 17.8 
cm DBH 
large Populus tremulotdes > 17.8 cmDBH 
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cluster and of these less than half were comprised of more 
than two pilots (Table 8). 

The X axis was interpreted as one of increasing 
Poputus tremulotdes cover from left to sight (Figure 10). 
Tmescentral ly  ocatedvelusters hatiwit cele oreno cover of 
Daten spp -sOFeropiucus themulordca\clustersec, (97) +8, 27 
and 41) or Rad@a dominant shrub (clusters 30 and 40). ‘The 
clusters represented a continuum of vegetation based on 
palin. spp. anderopulus seri ROA cover. 

Interpretation of the Y axis seemed to be that 
of a. shrub cover gradient. However, distribution of clusters 
along the Y axis tended to be influenced by the cover of 
Populus tremulotdes as well as the shrub species. The 
clusters having lower Populus tremuloides cover (18, 27 
and 41) or an understory dominance of Symphortcarpos- 
ocetdentalits {1, 2 and 25) were located above the clusters 
having high Populus tremulotdes cover and greater abundance 
Of Rubus strigosue or Rosa actcularie (clusters 11, 26 and 
42). 

The major separation on the Z axis was based 
on abundance of Carex atherodes in cluster 5. Very 
high cover of Sali“ spp. continued to separate clusiters 


4, 33 and 35 from the remaining clusters. 


8. Groves Two, Three, Four, Five,Eight and Ten, 
Populus tremulotdes Eliminated 


All six groves were used in a cluster analysis and 


ordination where Populus tremulotdes was excluded from 
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TABLE 8 
Mean Cover Values (%) of Important Species for the Sixteen Non-linked Clusters of Groves 2, 3, 4 and 10, 1971. 
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(a) 


<iester M Potr/Roae |S Potr/Syoc/Cavex | S Potr/Caath Saliz | Salix/Rust/Carez 
Species 

Thalictrum venulosum 16 
Lathyrus ochroleucus 1 1 
Amelanchier alnifolia 24 5 
Populus tremulotdes 94 27: 90 B4 76 98 1 
Symphoricarpos occidentalis 42 2 52 8 68 9 2 
Rosa aciculartis 5 2 42 2 7 4 
Rosa woodsit 22 i7 23. 2 
Rubus strigosus 2 20 5 il 2 6 46 
Ribes oxyacanthoides 2 5 1 a 
Carez spp. '°) 2 8 36 7 1 10 56 
Anemone canadensia 1 1 2 4 
Saliz spp.‘@) * 4 1 42 98 96 
Poa palustris 4 3 8 4 
Carez atherodes 79 10 2 

(e) a : 


Calanagrostis spp. 


4 clusters in horizontal sequence as arranged from right to left on x axis on Figure 10. 
Ms Populue tremuloides size class: s - small 0 = 8.9 cm DBH; m~ medium 9.0 - 17.8 cm DBH; 1 = large > 17.8 em DBH 


= Mostly Carer pratrea 


Includes Saliz bebbiana; S. discolor 
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Includes Calamagrostia neglecta; C. tnexpanea 
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Figure 10. Ordination of the non-linked clusters from four 
groves, 1971. 
LOA, ‘Onpthe, x4 plane 


10B. on the XZ plane 
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large Populus tremuloides > 17 187 cme pss 
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consideration. The Salix spp. dominated clusters (Table 9) 
remained at the left of the X axis while the canopy cover 
of understory shrubs increased to the right. Centrally 
located were those clusters with Rubus strigosus (44), 
Carex pratrea and Carex atherodes (10 and 25), and 
Populus balsamtfera (18 and 24) components, as well as 
those with low cover of Salix spp. or Symphortearpos 
DeGRdenlatr sano; m2s and 40) mei naceisyeithiose OlLots least 
Similar to either Salix cluster or Symphortecarpos 
ocetdentalts cluster were all located centrally though 
they were not necessarily similar one to the other. 

The Y axis separated the Populus balsamtfera 
from the Salix spp. (cluster 2}. The Y axis also separated 
those clusters with abundant Carex spp. (25 and 44) and/or 
Carex atherodes (cluster 10). Clusters 2 and 40 would 
have been higher up the Y axis but for the cover of 
Saliweispp.a\Figure Il). 

The Z axis waS a gradient based on shrub cover. 
Cluster 1, with high Symphoricarpos ocetdentalts cover 
and clusters 38 and 44 with dominant Rubus strigosus were 
furthest away from the X axis while the Populus balsamtfera/ 
Carex spp.-Carex atherodes (18) cluster and clusters of very 


low shrub cover (9, 23 and 40) were closest to the XY plane. 
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Figure 11. Ordination of the non-linked clusters from_ six 
groves with Populus tremuloides excluded, 1971. 
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9. Basal Area, Height and Age of Popuius 
tremulotdes 


Analyses were run on non-linked clusters, using 
Populus tremulotdes basal area, height and age as the 
Variables. There were significant differences in Populus 
tremulotdes basal area, height and age among clusters along 
the X axis. However, closer analysis showed that there were 
no differences among clusters dominated by Populus tremulotdes. 
Only those clusters with little or no Populus tremuloides, 
where (saltz spp. was the dominant in the tree stratum, 
differed significantly from those clusters dominated by 


Populus tremulotdes. 


Cw - lOLeOrdimation 


Species cover values from 1970 data were used 
in the ordination of the communities (plots) on the north, 
south, east, and west aspects of groves two, three, four 
and ten. Four main community types were recognized from 
plot distribution patterns and the boundaries of these 
were drawn (Figure 12). 

At one end of the X axis were found Saltx spp. 
dominated communities and at the other, medium Populus 
tremulotdes communities. Small and large Populus tremu- 
lotdes communities were centrally located along the X axis 
but were separated along both Y and Z axes. 

Within the three main Populus tremulotdes 


communities, plots were distributed along the X axis in 
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Figure l2. 
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Ordination of the plots from four groves, 1970. 
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a similar pattern. That is, those plots with high cover 


values for Carex spp. and with little Symphortcarpos occt- 
dentalts were located furthest left and their opposites, 
PuUbtwestertzqit. Plots with intermediate values of both 
were centrally located: This pattern was more definite 
in the small and medium Populus tremulotdes communities 
thane theslarge, Populus tTrenulor des scommunity 


(Pigure 12). 


A second ordination was performed in which Populus 


tremulotdes was not distinguished by diameter class. The 
results (Figure 13) showed a greater degree of continua 
although the four main community types could still be 
identified. 

When all plots in six groves were ordinated 
using 1971 vegetation data, four main vegetation groups 
were again evident (Figure 14) but some continuity existed. 
The small and medium Populus groups were separated along 
the X axis while the Y axis lifted the Saltx spp. group. 
The Z axis separated the large Populus dominated plots. 
The four main groups each seemed to occupy an apex of a 
three dimensional triangle. Along the Y axis, ecotonal 
plots between the Salix spp. group and the large Populus 
tremulotdes group were numerous and not easily separated 
from either group. However, along the X axis, the 
shrub/small Populus tremulotdes plots which had low tree 


cover could be distinguished from those plots dominated 


63 


= les el anil | a oy a 
mnie ek ae Tar 
~iSo9- Secale a mann at ie aa dao 9h 
vice) bee 9 Jd 
.sarhenan Ve ney Oy “a 


food Be isadlay « as 
ad satsdh Myo Sh wu eer a ) a rae a 
enisineniee ° ee | 3 ) 
add 


ya Reais — ate ling spin ne 
if " af 


7 4 
aah ater Able ot hee oi soa, sev nodatiat bageoe © oe 


=n 


ait swat Beatie 4 vd Deer ae eo se | as 


Sa.) 


punliois yo oehguh syaeong a heeee tet erin ot | 
ee 
ad {hive ensm aking x A tovemoh! aheq woo, oth ik La 


bagioihat <cmw cape oie th adele | hls woh Ri. 7 
aguede sathndayey a sb} | absS RUkERIOERY 5 2 bee 
iedaine SSjuntanen Svcs shtee (os oyee.iS) ‘pasate : 
| ghodia bodetoqs ‘sre gguoge Gcteges mow eb 
stern 14s Ss etd aE xu, Onde. a ee 
iagety, Undeniuop' «ia hague mertink bes magn as 2 att 
£1 cot an tunes Banner Mint aetioay sam Sat Teal 
Ineiadose oes ist RupNA. “selaciad & ; ot seat 
stage seas See Bas ils 6 one | 


ane me bol 
aa i een v0. gear 


wig bith 
erp <) Ar6mt Rs : 


7 - 
Rea — 5 7 = +h cf beg 
~Bovoty titok % iq Jo nolieoihs As Sipe 
‘ = : i ‘yaa v hobs Wg Oot re 


Saat \. 7a iwi peReELS 190 Gib 2 | 


Figure 13. Ordination of plots of four groves, 1970, in 


which Populus tremulotdes was not distinguished 
by diameter class prior to ordination. 
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Figure ]4. 
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by small or medium Populus tremutlotdes. The low cover 
large Populus tremuloides plots were also distinguishable 
from predominately Salix spp. or dominant large Populus 
plots. The most continuous aspect of the vegetation was 
that between Saltx spp. and large Populus tremuloides 


plots. 


D. Relationship of Populus tremuloides Growth to 
Topography 
1. Basal Area 
To compare basal area of Populus tremulotdes among 
the four aspects it was necessary, due to restrictions of 
the computer program used, to divide the analysis into two 
replications. The first representing results from plot 
one comparisons and the second, results from plot two com- 
parisons of basal area. Since the results were similar, 
however, only those from plot one will be included in 
Table 10. Basal area was found to be Significantly lower 
On the south-facing aspect than on the other three aspects. 
There was a difference of 13.8 moyheatare between the 
highest and lowest basal area. 
The two plot replications were compared for 
the effectsof slope position on Populus basal anéa but 
since they did not differ significantly from an analysis 


of all plots together, only the one was included. 
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TABLE 10 


Relationship of Populus tremulotdes Basal Area {2) Height, Age and 


Aspect 


Position on 


Basal Area 
(m?/ha) 


Diameter 


(b 


) 


to Aspect, Position on Slope 


(c) 


and Grove Number, 1971 


Height 


(m) 


Slope 
6 Ise} El 
5 24.7 a 
4 26.0 a 
3 21.2 a 
2 12.8 a 
1 2.3 b 
F value 23.14** 
Groves 
2 26.7 a 6.7 
3 13.4 a 4.0 
4 LS 4.2 
5 12.9 a 5.9 
8 8.7 b 363 
10 12.4 a 3.8 
F value” 2.98* 1.66ns 
a 


to reduce 
of means. 


Means for 


c 


Age (years) Diameter 


Closest Trees 


l4d.2a 

10.3 a 
13.la 

5.5 Db 

4.06** 
15.0 a 4.3¢ 
19.5 a 6.8 be 
PRU ThE 9.6 ab 
HOVE) 2 shite) 2 
P22 9na 8.4 ab 
Hho 8) 39) 4.8 c 
21.45** 10.28** 
19.9 8.6 
De, 8.1 
11.2 38 
16.2 6.3 
oth + Sd. 
10.7 6.6 
1.93ns 1.11ns 


Breast Height 
(cm)Felled 


5.5 be 
3.1 ab 
10.9 ab 
Lea 
13.2 ab 
G52) © 
8.67 ** 


Means for basal area, height and age were geometrically scaled to logig in order 


the influence of one or two very large or small values in calculation 


DBH are arithmetic. 
based on geometric means. 


F tests based on arithmetic means. 


Duncan's tests 


Slope positions are from grassland edge (6) downslope to slough edge (1). 
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Basal area differed significantly among positions. Position 
one (closest to the slough edge) had lower basal area than 
remaining positions (Table 10). Slope position four, midway 
upslope, had the highest basal area of Populus tremulotdes, 
with Pme/ hectare more’ than “that “of position sone. ‘fhe 
largest basal area found in the study area was 71.3 m-/ hectare 
at position four on the east aspect of grove ten. 

All plots were combined to analyze the influence 
Of individual groves on Popuius tremulotdes basal area. 
All groves were similar with the exception of grove eight, 


which had a significantly lower basal area (Table 10). 


2 (Height 

A. division of the analysis into two replications 
was also necessary to compare height of Populus tremulotdes 
over the four aspects. Results showed no difference among 
aspects for plot one but for plot two, the south-facing 
aspect had smaller trees than remaining aspects. Trees at 
position one were approximately 7m shorter than the tallest 
trees at position four and were 4m shorter than the next 
smallest trees at position two (Table 10). Tree height was 
the same in the six groves studied. The tallest tree 
measured was 16.4m tall (DBH 32.2cm, age 43 years) and 
was ‘located “in position one on the east aspect of grove 
five. Although the average heights were much lower, many 


trees were between 12 and 15m tall. 
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3. Age 

Age of Populus tremuloides followed the same trend 
as height. That is, one of the two plots showed no differ- 
ence among aspects; the second plot had a significant 
difference between trees on the south aspect and remaining 
trees (Table 10). The south-facing aspect had trees at 
least 5 to 8 years younger than remaining aspects. Slope 
position one (closest to the slough edge) had younger trees 
than those at other positions. Trees on the lowest position 
were 20 years younger than the oldest trees of position 
COU. No significant differences in age were found among 
groves, but the mean age ranged from a low of 9.4 years 


inegrove eight. to 19.9 years in) grove two. 


4. Diameter at Breast Height 

For the two trees closest to each plot there was 
no difference in diameter at breast height (DBH) due to 
aspect (Table 10, only plot one included). Of those trees 
that were felled for ring counts, half had the diameter 
measured and the results of analyses of haga also showed 
no difference among aspects. Differences in diameter of 
Populus tremulotdes were found in both plots one and two 
due to position on the slope. Position three had larger 
trees than those of positions one, six and five. The 
latter three did not differ significantly from each other, 


while trees of position three were the same as those of 
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positions two and four (Table 10). The results for the 
felled trees were similar, with position three having the 
largest trees and position six the smallest. No Significant 
difference among groves were found for diameter of Populus 


tremulotdeés. 


E. Invasion of Populus tremuloides 


The invasion of Pepulus tremulotdes over the past 
sixty years has been considerable. From field notes of the 
tega me land@ survey WGaunt Cyn, 1903) @ertewacetound) that 
Populus tremulotdes occupied 6.7 percent of the area con- 
sidered. Using aerial photographs taken in 1963, it was 
calculated that Populus tremulotdes now occupied 52.2 per- 
cent of the same transect lines (Table 11). The increase 
in Populus tremulotdes cover averaged 7.6 m/km/annum or 
0.76 percent/annum. 

It was felt that if long term climatic xmecords 
could be correlated with numbers of trees in each age group 
(Figure 15), then some of the inconsistencies of past 
invasion of trees might be explained. Since Edmonton city 
was the closest climatic station for which records had been 
kept for more than fifty years, data from this station were 
used. A step wise multiple regression using numbers of 
trees as the dependent variable and annual precipitation, 
annued saintall, previous years rainfall, annual snowfall 
and previous years snowfall as independent variables 


accounted. .for only 1.2) percent of the: variability. Since 
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TABLE 11. 


Rate of Invasion of Populus tremulotdes for 
Twenty-six 1.6 Km. Transects near Kinsella, Alberta. 


Transect Percent of Line Under Increase (%) 
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the sample was fairly small for most age groups, ring counts 
were accurate only within five years due to rot and false 
rings, and thé area of sampling was not covered by any long 


term climatic records, further analyses were not conducted. 


TiO Ss 


Soils were classified and sampled for nutrient 
analysis in a preliminary manner (in 1970). The results 
were substantiated in greater detail by the 1971 data and 
hence with the apeeereeeine Of one table, only the 1971 results 


are included. 


AS ec Lassie i cation 
In the study area the most abundant soil orders 
were gleysolic (57%) and chernozemic (39%). Main sub- 


groups represented included: 


Humic Eluviated Gleysol (283) 
Orthic Humic Gleysol (183%) 
Carbonated Humic Gleysol ( 63%) 


Orthic Dark Grey Chernozem (193%) 

Orthic Black Chernozem (726.2) 

Orthice Dark Browne Cnermnozem (sos) < 
The remaining profiles were classified into fourteen soil 
subgroups; mainly carbonated, gleyed or rego subgroups of 
the gleysolic, chernozemic and luvisol orders (Figure 16, 
Appendix 11). 

Although the Humic Eluviated Gleysols were found 
in all slope positions except the grassland edge (position 6), 
they were most frequently found in the two positions closest 
to the slough edge. The lower slope positions were also 
characteristic of the Orthic Humic Gleysols. The Chernozemic 
SOLS, .Orthic black, Orthi Ge Dark Brown sand Orthic Dark Grey 
were located almost exclusively above the mid-slope position, 
strongly favouring those positions closest to the grassland 
edge of the groves (positions 5 and 6). A small number of 


Carbonated Humic Gleysols were found at all slope positions 
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except the slough edge. More than one-half of the remaining 
soil subgroups (14) were found at positions three and four, 
the mid-slope positions in the aspen groves. None were 
found in the two positions closest to the slough edge for 
these positions had predominantly Orthic Humic Gleysols and 


Humic Eluviated Gleysols. 


B. Chemical and Physical Analyses 


1. Phosphorus 

No differencesin soil phosphorus were found to be 
attributable jto aspect (Table 12). Phosphorus content of the 
souls did differgwith pesition on slope. The first two  posi- 
tions above the slough edge were higher in phosphorus than 
the remaining slope positions, No difference in phosphorus 
content of A or B horizons was found” in soits”of the four 
upper slope positions. Soil phosphorus content was highest 


in grove eight and lowest in groves two and ten. 


2. Potassium 
There were no differences in soil potassium 
levels amoung the four aspects. Differences did occur, however, 
in potassium content of soils of the six slope positions. The 
soils of the lowest slope positions (nearest the slough edge) 
had more potassium than soils in the upper positions. Soils 


in each position in fact seemed to be similar only to those 
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Relationship of Soil Phosphorus, Potassium, pH, Sand and Clay 


Aspect (@) 


N (facing) 
S 

E 

WwW 

F value 


Slope Position 


1 
2 
3 
4 
5 
6 
F value 


Groves 


P (ppm) 


6.8 
5.3 
4.7 
6.1 


ns (a) 


20.5a'°) 
7.6b 
4.0c 
3.0c 
S.3G 
3.6c 
21.61** 


2.8¢c 
§.6abc 
5.1lbe 
8.2ab 
10.2a 
3.4¢ 
7.66** 


TABLE 


756.4a 
636.8ab 
550.9be 
476.0cd 
402.0d 
377.94 
18 Vox* 


474.1be 
641.5a 
367.6d 
455.3cd 
644.2a 
587.lab 
TT. 57 ** 


12 


6.6 


a . 
Means for aspect, slope and groves are geometric. 
showed no significant differences so the letter 'a' was omitted. 


to Aspect, Position on Slope and Grove Number, 1971 


| en | sanace 
6.4 47.6 


42.9c 
43.5¢ 
57.4a 
51.0b 
43.2c 
44.0c 
OSS ai 


Clay (%) 


Paarla 
27.2 
25.2 
C4} 72 
ns 


23.9 
25.4 
26.7 
25.6 | 
24.7 
24.5 
0.69ns 


27.2abe 
S0R2a 
18.54 
23.6¢ 
2oe2be 
28.lab 
17.44** 


Duncan's test for aspects 


b Slope position ranked 1-6 from Slough edge upslope to grassland edge of each 


grove. 


c 


Means in vertical sequence followed b 
different (P < 0.01) 


d **P < 0.01; *P < 0.05; ns - non-significant. 


y the same letter are not significantly 
by Duncan's multiple range test. 
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in the positions directly above them on the slope. The A 
horizon had fewer differences among positions than did the 

B Romaen and had more potassium in four upper slope positions 
than did the B horizon. The highest levels of potassium 

Mere slLOundein thesB shor’ zon of sol lsminmene two pos utions 
closest to the slough edge and lowest in B horizons of the 

two positions closest to the grassland edge. The level of 


soil potassium was found to be different among groves. 


3. DH 
No differences in soil pH were found attributable 
tomaspect. The B horizon was slightly nigher in pH than the 
A horizon for all aspects. The pH did differ according to 
position on slope. Soils of the lowest slope position had 
the lowest pH. There were differences in pH among groves. 


Grove eight had more acidic soils than the other groves. 


4. Texture 
Sand and clay content did not differ 
among soils on the four aspects (Table 12). The B horizons 
generally showed less sand and more clay than the A horizons. 
Although a difference was found for sand content of soiis 
on different slope positions, this difference was not signi- 
ficant when Duncan's multiple range test was used. Again 


the B horizons showed higher clay content than A horizons. 
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The highest clay content was found in the B horizon of soils 
at the slough edge position. The same soils had the least 
clay in the A horizons. The six groves had differences in 
soil texture. Grove four soils had the highest sand and 


least@clay content. 


Ce. oOd J eMolsture=and Soul Temperature 


i *statistical®Analyses 

The analysis of variance tests performed on the 
data showed that there were no differences among aspects in 
either soil moisture or soil temperature. Position on the 
Slope as represented by community types was Significantly 
different for both soil moisture and temperature (Table 13). 
Generally, the Carex spp. and Salix spp. communities had more 
soil moisture than Populus tremulotdes and Symphoricarpos 
ocetdentalts communities. Differences among slope positions 
were fewer in July and August than in June. Soil moisture in 
June was highest at the slough edge (position 1) and lowest 
at) the upper edgetot &thea grovel (posittvones he sTheesalranrspp.e 
edge community (position 2) did have significantly more mois- 
ture than did the Symphortcarpos occetdentalts edge community 
OL Vpositi on@tiive s9ein Wuly,gehe. slough "edger (posi tion —))**had 
more moisture than the small Populus tremulotdes (position 4) 
with the remainder showing no differences. In August only 
the slough edge differed from remaining communities. 

Soil temperatures in June were highest in position 
five and lowest in position two. There were no differences 


among the middle positions two, three and four. In both 
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TABLE 13 
The Relationship of June, July and August Soil Moisture 
Content and Temperature Values to 


Position on Slope, 1970 


Position on Soil Moisture 
Slope (a) June July August 


1 14.2a‘) 15.4a 15.3a 
2 13.3ab 14.5ab 12.0ab 
3 11.4abc £3.2Zab 9.6b 
4 10.6bc IT¥sh 6 3b 
5 este L2ewab 10.6b 
F test (Cc) 6.89%** 4.03%** 5.05** 
Position on Soil Temperature 
Slope June July August 
1 10.9ab‘®) 15.5a seh ws 
2 Siaic Pes) 12.4b 
3 9.3be seZb 125 9b 
4 9.0bc 21010 D2. 
5 2h 0b 14.5a 
F test i. Ol Sh 5 Stee | Ato oo 


Carex spp. community at slough edge 

Saltx edgé community and/or small Populus/Carezx 
large Populus tremulotdes community 

small Populus tremulotdes community 
Symphortcarpos occetdentalts at edge of small 
Populus 


a hen 
Position 


OO & WN FE 


Values are % water by weight; means are geometric; those 
means in vertical sequence followed by a different letter 
ave signiiacantly different (Pe< GF0l), according *co 
Duncan's Multiple Range Test. 
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July and August, soil temperatures were similar among posi- 
tions with one exception. fin July, position one had 
Significantly higher soil temperature than all the rest 


and in August, position five had the highest temperature. 


2. Ordination of Soil Moisture and Temperature 

Communities of groves ten and three found along 
the moisture and temperature transects were ordinated. The 
resulting graphs were used as a base to superimpose July soil 
moisture and temperature data. Those communities grouped 
through similar species cover values also tended to be congre- 
gated as groups having similar moisture values (Figure 17). 
Tt was apparent that the X axis was one of moisture, for at 
one end were those small Populus tremulotdes communities with 
low moisture and at the opposite end were the more moist Saltx 
spp. communities. Although moisture groupings tended to cor- 
relate with communities there was also a related correspondence 
Of moisture to slope position. That is, although all larger 
Circles UFigure 17) did not represent soll moisture within 
Salix spp. communities, they did represent soil moisture for 
soils located on similarly long or steep slopes, hence their 
position on the slope was similar to that of the Saltx spp. 
communities. 

Soil temperatures were found to show less differ- 


entiation (Figure 18). The higher temperatures beneath 
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Figure 17. Ordinational representation of July soil 
moisture values (%) for selected plots of 
groves three and ten, 1970. 
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Figure 18. Ordinational representation of July soil 
temperature values (°C) for selected plots 
of groves three and ten, O97 OF 
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Old Populus were seen as a loose group on XY and XZ axes. 
It would appear that an axis of soil temperature did not 
exist. Soil temperatures seemed more closely related to 


plant community type than to topographical position. 


D. FSOLIP Morstune “and Snow Relationships 


With one or two exceptions, it can be said that the 
snow accumulation beneath Populus was similar or only 
decreased slightly, from small Populus downslope through old 
Populus to the Salix community. At the edge of each grove 
the shrub communities collected much drifted snow from 
grasslands and hilltops. On the two slopes which had an 
expanse of brush-free grassland, snow depth was low but it 
increased downslope as shrubs or Populus communities were 
approached. June moisture also generally increased from 
grassland to Populus but was variable within the Populus 
communities. A significant correlation (P< ..01) was found 


between mean snow depth and June soil moisture (r=+0.42). 


Lit. TLopegraphy 


The topographical data collected are presented in 


Table 14. It can be seen that the maximum slope length found 
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TABLE 14 
Length (m) and Gradient (%) of Slope for Four Aspects and 


Gradient (%) for Six Positions within the Groves in the 


Study Area. 


a. Length of slope (m) by aspect 


Grove number 


c. Gradient of slope (%) at six positions 
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under an aspen grove was 81m and the steepest slopes in 
the area were in groves four and five. The south facing 
Slopes were less steep on the average than remaining 

aspects. The greatest change in percentage slope can be 


seen between positions one and two and two and three. 


VR Interrelationships Among Vegetation, Soil and Topography 
As sRelactionship of Populus cremulordesato Soil 
and Topography 

A correlation matrix was calculated for Populus 
tremulotdes, topographic and edaphic parameters. Many 
highly significant correlations resulted (Table 15). shea 
area was positively correlated with Populus tremulotides 
height, age and diameter and was also positively correlated 
with slope position and angle and depth of the B horizon. 
The height and age of Populus tremulotdes were also pos- 
itively correlated with slope angle. Basal area, height 
and age were all negatively correlated with soil phos- 


phorus and potassium. 
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The soil subgroups for each of the sixteen non-linked 
clusters from four groves (1971) were plotted on the cluster 
ordination (Figure 19). Those clusters showing linkage to 
the main sixteen were not included as it was felt that by 
virtue of the linkage, they would be well enough represented 
in both soil and vegetation type by the non-linked clusters. 
Average Populus tremulotdes age for those plots within 
each cluster was also included. The results showed the 
predominance of the gleysolic soils and their association 
with Populus tremulotdes of all ages as well as with Sali 
spp. On the left of the X axis the vegetation was basic- 
ally dominated by Salix spp. and little Populus tremuloides 
was found on these Humic Eluviated Gleysols and Humic 
Gleysols. Medium and large Populus tremuloides were more 
commonly associated with gleysolic soils than was small 


Populus tremulotdes under twenty years of age. 


B. Relationship of Selected Species to Soil and 


Topography 


Correlation programs were run in 1970 for selected 
species and soil moisture and temperature (Table 16). In 1971 
the program included 23 species, selected edaphic, topographic 
and Populus tremulotdes growth parameters. The edaphic 
and topographic parameters were significantly correlated 


with species canopy coverage. Symphortcarpos occtdentalts 


yi Seay Shek enw... 20 T 

beteementrt Maen Lew ext stoclhaeh ven it 

sermtanto betae—Knes ole WRC GEK en 
+ aE atiaaky Sols nor” es phere 

erty ews rer aime. - 
poide.: sIQRES yione! Bra atten nudsxyahe Maite a 
att Atie Be: Loew oes Looe se ie 
—giead esr sehasvenay ots wltout: ety %o 
sthdelansed sateqod @f7722 Bag, 98, dau 
oiqell hin elogede: basa svanint = Hn seadt 
stom ose hh rodeos watyqes epagt fae ao tt 
tines gaw pens efioe ollcsyeip’ ajiw & ’ 
‘ome lo eisey ‘yteews sebau ¢ 


é hea A Ve) 


‘ay 


Se 
ban 2808 09 sana. Be 
1 pains ae ‘:  « 


j ib beh a re tae ra 
res at (8 Bas 


vat n 
: 1S > e8 L 


i i a ve 


ZOASNTO SoyR UT sep107znwuad2 


snindog Jo 9he ebezaae e7eoTpuT szequnn GE - 0 
Tostany AerzDy yzreq OTUAAO Alara 

woezouzeyo AezDH yzyrzeqd OTYIAO |5d 

TosfeT) otumy obey ra}etel 

qtosXeTD) peyzetantT”, otTuny OdH 

qosAeT) otwny OTYAIO DH 

edAy TToOsS 2p00 


“TL6T ‘SsazeqsnToO pexyUuTT—-uoUu UT uoTzeReH9A ZUeUTWOP 
pure ebe saproznwady snqndog ‘edha Ttos Fo dtysuotzepTey “6 T eanbta 


wnt pou 


LG 


— Ce 
aya ay 
VL 


ALN SOG 


GNAYUS 
fseptojnuedyz snyindog 
uNnT pow’ TT Pus 


SapO0daYyZD Xauny 
{/SAPLtojynuedy snyzndog 
Trews 


TeuUozoog 


OMWU-OSH 


Ou 


anaus/ dds 2270 
TOMASO AC OEM 


Ho 


AH—-OH 


)qH-9H 


acs 


2110S 


SSaH—Di 


0 
DH 


0 
_Sa-DH 


Simple Correlation 


and Edaphic 


Julyve Song) 
Moisture (%) 
WECM? Ssyejlil 
Temperature (°C) 
Populus 
tremulotdes (») 
Symphortearpos 


ocetdentalis 
Rosa woodstt 
Viola adunea 
Agropyron spp. 
COGi ce SPD. 
Rubus strtgosus 


Carex spp. 


“Species values used were 
transformation. 


Dex p 20.0; YP <0.705 


TABLE 16 
Coefficients for Selected Species 


Characters 21970) (ny= 40).. 


July July 
Moisture (%)] Soil Temperature (°C) 


Canopy coverage % with arc-sin 
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and Viola adunea showed highly significant negative 
correlations with soil move rune while Saltz spp. showed 

a significant positive correlation to soil moisture (Table 16). 
Only two species showed significant positive correlations 

with soil temperature. These were Rosa woodstt and 

Agropyron spp. 

Position on slope and percentage slope had some 
high ee ee Alero. Con (i.e. r=0.40 to 0.61) followed by 
potassium (r=0.37 to 0.44) and phosphorus (r=0.32 to 0.38) 
(Table 17). The pH was. correlated with four species, but 
the correlation values were lower. Sand and clay yielded 
no highly significant correlations with any Sevan. 

Those species showing Bost eive correlations with 
position on slope included Populus tremulotdes, Symphoricarpos 
oeetdentalis, Rosa woodsit, Fragaria virginiana, Agropyron 
spp., Viola adunea and Galtum boreale while Salix spp., 
Rubus strtgosus, Ritbes oxyacanthoides, Carex spp., Poa 
paltustrts, Calamagrostts spp. and Carex atherodes showed 
pussies correlations with position on slope. Positive 
correlation with slope percentage occurred for the following 
species: Populus tremulotdes, Symphortearpos occidentalis, 
Rosa actcularts, Amelanchter alntfolta, Viola adunea, 

Galtum boreale and Smilacina stellata. Those 
Specilesmwitnanegavivemconre lations nCluided scrim spb 


hubue strigosus, Carex Sspp., Poa palustrvse,. Calamagrostts 
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TABLE 17 


(a) 


Simple Correlation Matrix of Edaphic (n=144), Topographical and Populus tremulotdes Parameters with Canopy Coverage of 15 Species (n=288), 1971. 


Populus tremulotdes 


—————————————————————————__nae a = ——— — —————— ee ———————__———————e ~ —— ——— = = _- - 
pair | viad Gabo __|__Thve Frvi rae ae ed Syoo | _Potr Cal spp. Taof 


Slope ' aa 
EOSEELOU BA Height Age DBHL 

Viola adunea -0.241** | -0.232**] 0.242**| 0.200**| 0.305** | 0.223**) 0.148* Oe Bao | 0.014 0.032 1.00 
Galiun boreale -0.288** | -0.242**| 0.085 Onesie * |) 0.457% 0.177**| 0.166**| 0.144* 0.041 0.051 Ol 2o7ee 1.00 
Tnhatictrum ; 

venulosum -0.170* -0.042 -0.098 0.126* 0.103 Oe Larix O52 0.164**} 0.085 0.076 | 0.094 0.250** 1.00 
FPragarta | 

virgintana -0.026 0.025 0.039 0.020 0.204** | 0.008 -0.036 -0.032 -0.060 ee eh 0.276** 0.140* 0.099 1.00 
Acropyron spp. -0.131 -0.017 0.225**| 90.066 On2BL ee) (OSL L2 0.069 0.057 0.054 0.058 OntS3%5 1) Ol eee -0.089 0.243** 1.00 
Festuca secbrella 0.078 0.164 0.033 -0.164**|-0.003 -0.180**|-0.149* |-0.149* -0.080 -0.097 |-0.049 -0.097 -0.134* OnZ2OTe* 0.329%* 1.00 
Amelanchtier 

alnifolta ~0.064 -0.284**/-0.011 0.450%*)|' 0.212 One 9* 0.100 0.087 (oa lipay f.7 0.126* |}-0.017 0.065 0.156** | -0.142* -0.100 -0.173** 1.00 
Symphoriecarpos 

cecidentalis -0.384** | -0.445**} 0.194* 0.490**| 0.601** | 0.305**| 0.293**| 0.243** 0.021 0.056 0.268** | 0.461** 0.198** | = .029 =0.217** 0.096 1.00 
Populus 

tremuloides -0.319** | -0.427**| 0.151 0.306**| 0.375** | 0.577**| 0.532**| 0.475** 0.290**}| 0.272**) 0.207** | 0.221"* 0.094 0.101 0.106 -0.077 0.104 0.434** 1.00 
Carex spp. 0.249** 0.255** |-0.083 -0.351** |-0.248** |-0.146 =OR2 92 **) | =O le 0.120 0.103 =0.189** | -¢.03 -0.078 0.093 0.198** 0.347** | -0.172**|-0.364** | -G.195** 1.00 
Salix spp. 0.348** 0.388**|-0.129 -0.407** |-0.529** |--0.539**|-0.506** |-0.442** | -0.212"* |-0.213**|-G.i58** -9.345** -0.154* -0.117 =O 239%% 0.084 -0.193**/-0.541** | -0,694%* 0.230** 1.00 
Poa palustris Oss4 72% 0.377**|-0.194* |-0.386** |-0.448** |-0,325** |-0,343** |-0.280** -0.065 -0.093 -0,227** | -0.282** =) 165** 0.032 ~-0.151* 0.191** | -0.158**|-0.526** | -0.379** 0,.311** 0.391** 1 1.00 
Calamagrostis spp.| 0.193** 0.250** |-0.233**|-0.313** |-0.388** |-0.179**|-0.119* |-0.104 -0.086 -0.095 -0.161** | -0.235** -0.147* 0.045 -0.145* 0.057 -0.154* |-0.290** | -0.146* 0.137* 05277%* 14051 96"* 1.00 
Carex atherodes 0. 333** 0.310** |-0.164 -0.349** |-0.446** |-0.252**|-0,356** |-0.301** | -0.186** -0.198**|-0.241** =O. 2405" -0.148* -0.138* -0.156** 0.133* |-0.150* |-0.474** | -0.297** 0.205** 0.313** | 0.407** 0.301** 1.00 
Tarazacum = ; ‘ 

officinale - 0.108 0.228** |-0.063 -0.254** |-0.129 -0.239** |-0.228** |-0.218** | -0.063 -0.647 0.064 -0.043 0.028 0.383** 0.133* 0.323** | -0.214**|/-0.288** | -0.107 0.314** 0.216** | 0.306** 0.135* 0.1307 1.00 


—— 


22 p<0.05; ** P < 0.01 
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Spp., Carex atherodes and Taraxacum officinale. For both 
Slope position and percentage slope, the species were divided 
into two groups, upland species and lowland. The higher 
canopy coverage of the lowland species were associated with 
low, gently sloping to level ground, while the upland species 
showed higher cover values on steeper areas further upslope. 

The upland and lowland species groups were correl- 
ated with potassium and phosphorus content of the soil. 
Highly significant positive correlations with potassium 
and phosphorus were associated with the lowland species 
including Salix spp., Carex spp., Poa palustris, Calamagrostis 
spp. and Carex atherodes. The upland species including 
Populus tremulotdes, Symphoricarpos occidentalis, Vtola 
adunea and Galtum boreale were negatively correlated with 
potassium and phosphorus. Amelanchter alntfolta was 
positively correlated with Agropyron spp., Vtola adunea and 
Smtlacina stellata, and negatively correlated with 
Calamagrosttis spp. 

More than one half of the twenty-three species 
used in the correlation matrix showed highly significant 
correlations with Populus tremulotdes parameters including 
basal area, height, diameter at breast height (DBH) age and 
canopy coverage. Correlations of the species were consistent 
over the five parameters. That is, a positive correlation 
to one parameter was followed by a positive correlation (if 


any) to the remainder. Only Populus tremulotdes 
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positive, and Carex atherodes and Salix spp., both 

negative, yielded significant or highly significant 
correlations to all five parameters. Highly significant 
correlations to height, age and basal area of Populus tremu- 
Lotdes were associated with Symphortcarpos occidentalis, 
Rosa acteularis, Galtum boreale, and Thalietrum venulosum, 
while species yielding negative correlations to those three 
parameters were Poa palustris and Taraxacum officinale. 
Symphortcarpos ocetdentalis, Galium boreale and Poa palustris 
were also correlated with Pepulus tremulotdes cover. 
Although Carex spp. was negatively correlated with Populus 
tremulotdes height, age and canopy coverage, it was not 
correlated with basal area ox DBH. Viola adunea was positively 
correlated only with cover and basal area of Populus while 
Rosa woodstt and Smilacina stellata showed positive and 
Calamagrostis spp showed negative correlations only with 
basal area of Populus tremulotdes. When species to species 
correlations were calculated it was found that those 
classified as upland species generally were positively 
correlated with other upland species and were negatively 
correlated with lowland species. However, since species 
distributions could not be considered normal, coefficients 


could be misleading and are not included here. 
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C. Relationship of Selected Soil Characters to Vege- 


tation and Topography oD 


The relationships of soil characters with Populus 
tremulotdes parameters and with other plant Species has 
been given in the previous paragraphs. However, the 
correlations of edaphic with topographic parameters were 
also calculated. Soil texture consisted of sand and clay 
content. These two soil fractions were highly significantly 
negatively correlated (Table 18). Sand content was also 
significantly correlated with slope position and angle, 
depth of A horizon (all positive) and soil potassium (nega- 
tive). Clay content yielded significant correlations only 
with sand content (negative) and soil pH (pOsmtive).. | Sod] 
phosphorus was significantly negatively correlated with 
all other parameters. The highest correlation was that 
with potassium (r=0.458). The three highest correlations 
for potassium (r=0.45-0.50) were negative correlations with 
Slope position and angle and a positive correlation with 
soil phosphorus. Although potassium was negatively correl- 
ated with sand content it was positively correlated with 
clay content.” Soil pH was significantly correlated with 
all parameters with the exceptions of sand content and 
dépth of B horizon. Lts highest correlation was: with 


phosphorus content (r=-0.325). 
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DISCUSSION 


I. Vegetation Analyses. 


The results of the cluster/ordination revealed 
a heterogeneity in the vegetation that was related to the 
seral nature of aspen vegetation and was also a consequence 
of methods used. Since the clustering procedure involved a 
numerical process and the intensity of clustering elicited 
is a property not only of the basic data, but also of the 
process, to whieh iat is submitted, the existence: or deuneiee 
tence of clusters is not an inalienable property of the data 
(Williams, 19/71). | AL eilose examinabion, of the clusters 
developed from 1971 data revealed that in most groves, only 
one cluster was formed that grouped at least one-fifth of 
the plots. The remaining plots did not show enough similarity 
to be combined into 'replicated' clusters, but were grouped 
LicOupaLrs.OLylettuassusinglc plot Sclusters oi ncesthe 
Species canopy coverage for each l m2 plot was the mean of 
fours 20.450) cMagquadratey. ties. fellethatepletesize contri = 
buted considerably to the degree of variation found among 
plots. The plot size was probably too small. Canopy cover- 
age values would have been less ‘observer biased' if a 
larger sample size had been used for each mean value. Pro- 
gram dimensions limited the matrix to be analyzed. Instead 


of dropping two groves in overall analysis (to have a com- 
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parison with reconaissance), the meter square plots could 
have been averaged in a number of ways. These included: 


two 1 m2 


plots/position (to give species canopy coverage 
aS a mean Of eight 20 x 50 cm quadrats), two adjacent 
positions on slope (mean of sixteen quadrats) or even 
all plots in one position on slope or one aspect, in each 
grove (mean Of 32 or even 48 quadrats). Also, program res- 
olution levels for cluster termination (based on the sim- 
ilarity indices) might have been altered to suit the type 
of vegetation, without loosing information. 

stand selections torscollectvonsof, data singel 9 70 
was highly subjective. Stands were defined by the size 
Of Populus tremulotdes and by dominant understory shrubs. 
It is interesting however, to compare the results of the 
EOULECG LOVE! CLUSteKuanalySiSsOuelLo/0N wWitenethnate Or 97 1. 
Although 1970 'plots' were of the order of eight meters by 
EnEnuyemeteromdnas hoses Olly awe be sOnemsdua thom lcLen in 
both analyses only one major cluster was formed. Almost one- 
half of the plots used in the 1970 analysis were grouped into 
one cluster--small, medium Populus tremulotdes/Symphortecarpos 
oeetdentalts cluster. The canopy coverage of Populus trem- 
ulotdes was similar: 92 and 94% (Appendix 12, Table 8). 
Symphoricarpos occidentalis was the dominant shrub with 57 
and 42% cover for 1970 and 1971, respectively. The small 
cover values for other species in the 1971 clusters was 
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great difference in vegetation. The second largest cluster 
for 1970 data was comprised of plots dominated by large 
Populus tremulotdes. The 1971 analysis showed a Saliz spp. 
dominated cluster to be next largest, however, this cluster 
Was sOnly  composed=or ll/i92) plots. 

In the above cluster analyses, Populus tremulotides 
was not distinguished by size class. Size class was an 
inherent feature of plot recognition in 1970 however, but 
was disregarded in the restricted random location of plots in 
1971. When Popuius tremulotdes was distinguished by size 
Class for each plot the results of the 1970 and 1971 ordin- - 
ations were very similar in spite of the differences in 
degree of intensity ef data collection. Four main vege- 
tation groups were evident on the ordination fields--small, 
medium and large Populus tremulotdes and Saltx spp. dominated. 
Plots located between the four groups were of an ecotonal 
nature. Their canopy coverage values were intermediary 
between those of two types and hence their dissimilarity 
indices placed them neither in one group of plots nor in the 
other, but somewhere in between. The majority of these plots 
provided a continuum between the large Populus tremulotdes 
typewand Savvc spp. type. Those species” providing the 
larger amount of variation in canopy coverage included 
Populus tremulotdes, Salix spp., Carex pratrea, Geum allep- 
teum, Rubus strigosus, Stachys palustris and Poa palustris 


(Appendices 1 - 4). 7, greater degree of continuum with less 
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distinctive 'nodes' was evident on the ordination of 

1970 plots when size class was not specifically distinguished 
in the analysis (size class was inherent in plot selection 
Oly). 

The separation of the four groups on the ordination 
fields was felt to be on somewhat of a technical rather than 
an ecological basis. Since the computer would treat the 
three size ei aeeee Of Popuius tremulotdes as individual 
Species having a weight in the distance index dependent on 
their cover values, it was to be expected that the four 
community types would be almost equidistantly separated 
by the three axes. Since species with high cover values 
influenced the index more strongly when a Euclidean distance 
measurement was used, plots with high cover of small Populus 
tremulotdes would be expected to form a group distinct from 
those plots with medium Populus tremulotdes, large Populus 
tremulotdes or Saltx spp. as the dominant species. If 
these four community types had an ecological basis they 
Should have been more evident in plot ordinations and cluster 
analyses without Populus tremulotdes size class distinctions. 
The Saltx spp. type was distinct in all analyses but the 
Populus tremulotdes dominated plots showed many intergrades 
when understory species were included. 

According to Daubenmire (1966) most studies 
supporting the continuum viewpoint have (a) included 


severely disturbed or seral stands almost exclusively and 
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(b) have ignored population structure and dynamics, and 
concentrated on species distribution and relative abun- 
dance. By these means he felt, they could easily demon- 
Strate a floristic continuum. Assuming some ecological 
basis for the four main groups identified on the ordination 
fields (other species besides Populus tremuloides did 
contribute to the similarity indices), the study at hand 
provided some support for this argument. When population 
structure was not considered, the many seral stages formed 

a continuum. The association of the moisture gradient 
(environmental continuum) with the successional stages 
(vegetation continuum) provided supporting evidence for the 
value of the continuum approach to the analysis of the 
Populus tremulotdes vegetation. The recognition of diameter 
Size classes in just one dominant species--Populus tremulotides 
resulted in four "nodes" in the vegetation. 

Distortion of vegetation relationships by eco- 
tonal or intermediary gradient position plots (Swan et al., 
1969) was present in this study. The 1970 plot ordination 
and the cluster/ordinations from 1971 data showed the X 
axis to be a moisture gradient and one of Populus tremuloides 
age succession. However, when Populus tremulotdes was 
distinguished by size class,’ the resulting plot ordinations 
showed the Saltx spp. type midway between small and medium 
Populus tremulotdes along the X axis. Although enemies 


dimensional position of the Saivx spp. was at the apex of a 
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triangle equidistant from each of the Populus tremulotdes 
groups, on the X axis its position was unexpected. It is 
felt that plots representing the ecotonal ens aa 
tremulotdes community (small Populus tremulotdes/Symphor- 
tearpos ocetdentalis (Rosa woodsit)) (Appendix 1) would 
have been included in the small Populus tremulotides group 
by the computer since the dominant species was Populus 
tremuletdes. The understory species of these small Populus 
tremulotdes plots included many species common to Salix spp. 
dominated plots and these would influence plot positioning 
closer to Saltx spp. and large Populus tremulotdes groups 
than to medium Populus tremulotdes groups. These plots in 
the field were found in a topographical position between large 
Poputus tremulotdes and Salix spp. dominated communities. 
They represented Populus tremulotdes reproduction in positions 
closer to the slough's edge than where original trees were 
established--probably a response to lowered water levels in 
the sloughs cover the past ten to fifteen years providing a 
better habitat for Populus tremulotdes and less favourable 
mMoistures conditions for Sai7iz spp. 

Within the aspen groves at Kinsella, the vege- 
tation was very heterogeneous and unstable with various 
age classes of Populus tremulotdes present. Cluster 
analysis for individual groves and for four groves together 
resulted in one main cluster type being recognized although 


it composed less than one quarter of the plots considered. 
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This cluster was dominated by small and medium sized 
Populus tremutoides in the Overstory, and Symphortecarpos 
ocetdentalts in the understory. Many plots were combined 
with one or two other plots into small clusters and many 
were left as single plot clusters. However, of those 
clusters dominated by Populus tremuloides there were no sig- 
nificant differences with respect to basal area, height 
or age of Populus tremulotdes. Age of most Populus trem- 
ulotdes trees in the groves was between ten and forty 
years (Figure 15). Thirty years was not very long for 
community development and differentiation. The hetero- 
geneity of vegetation dominated by Populus tremulotdes 
would be a result of the seral nature as well as a conse- 
quence of plot size used in these analyses. Many species 
would be trying to become established, some succeeding, 
others declining. The variations in canopy coverage among 
the more common species reflect this competition among 
understory species. 

The Populus tremuloides dominated plots could 
be separated from those dominated by Salix spp. primarily 
on the basis of the difference in tree species and secondly 
on the basis of understory species. Unfortunately Saltx spp. 
was not aged in this study, however field observations in- 
dicated a decline in dominance of Salix spp.. Old trees 
were most common, many trees were decadent, and young 
Populus tremulotdes was present upslope, downslope and among 


the Salix spp. communities. The successional nature of the 
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vegetation bordering Salix spp. communities meant great 
variation in species presence and average values. Plots 
representing the ecotonal areas would show greater species 
variation than plots beneath small and medium Populus trem- 
ulotdes because of (1) less competition for light due to 
lower canopy coverage of both tree species, (2) better 
moisture conditions closer to slough's edge, (3) less 
Competition for soil nutrients by the few older trees 
than by many rapidly growing Populus tremuloides trees, 
(4) many microhabitats provided by differences in soil 
characteristics in this topographical position (Appendix 11). 
In both plot ordinations and cluster/ordinations many 
ecotonal plots provided continuum on the ordination fields 
between plots or clusters dominated by Salix spp. and those 
dominated by small and medium Populus tremulotdes. Large 
Populus tremulotdes although seemingly distinguishable 
itself in the field, was not differentiated as a separate 
community type either by plot ordination or cluster analysis 
when size itself was not a determining factor in analysis. 
This type in which older Populus tremulotdes was the dom- 
inant tree appeared only as ecotonal plots between Saltx spp. 
and younger Populus tremulotdes communities. 

Analysis of individual groves showed small 
differences in clusters formed and the dominant species. 


These variations were probably due to variations in habitat 
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as related to: 
(a) soil characteristics (eg. grove 8 had greater 
K, P, lower pH.) 
(b) topography 
(c) land use, especially past grazing intensities 
(d) chance establishment of plant species (eg. 
Populus baltsamtfera in grove 5) 
(e) community age (eg. average age of Populus trem- 
ulotdes was significantly less in grove 8). 
The Populus tremulotdes trees in grove eight were younger 
than those in other groves. In this grove analyses showed 
Saltx spp. dominated plots to form a recognizable cluster 
apart from the main Populus tremulotdes cluster. Average 
age Of Populus tremulotdes was oldest in groves two and 
five. In these groves there was no recognizable Salix spp. 
cluster and there were fewer plots comprising the main 
Populus tremutotdes cluster. The groves with age of 
Populus tremulotdes midway between the youngest and the 
oldest, had a small Saltz spp. cluster and had nearly half 
of the total plots grouped into a small, medium Populus 
tremuloides cluster. This trend would seem to be consistent 
with seral vegetation. The Populus Prenidocdee community 
showed a more recent occupation of landscape surrounding 
the sloughs or potholes. The Salix spp. community seemed 
to be giving way to an expanding community dominated 
by Populus tremulotdes. In grove eight, Salix spp. was 


still evident as a community type but as Populus tremulotdes 
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became older it expanded into the Saltz spp. community. 
This resulted in a heterogeneous mixture of dominant 
Species in the ecotonal regions and fewer plots designated 
to any one community type. Where Populus tremuloides had 
been established longest, Saltx spp. no longer dominated 
a recognizable group and there were even fewer plots 
grouped as One Populus tremulotdes cluster. The Populus 
tremulotdes community itself would become more differen- 
tiated within, however, plot size used and perhaps plot 
location resulted in expression of greater heterogeneity 
among plots rather than separation of vegetation entities. 
The ordination of species cover values (Figure 3) 
also gave an indication of the habitat preferences of the 
Species. Symphortecarpos occtdentalts appeared to become 
the dominant shrub where Populus tremuloides trees were 
small to medium in diameter and had high canopy coverage 
values. It was thereby associated with early successional 
stages of the Populus tremulotdes community and gave way 
to other species as the Populus tremulotdes became better 
established. Although Rosa woodsit had fewer very high 
(85 - 98%) cover values than Symphorticarpos occidentalis 
the general distribution of both species’ {greater cover 
associated with small and medium Populus tremulotdes, 
declining along X axis towards Salix spp. communities) 
showed their similarity in successional position and habitat 


preferences. Rosa woodsit seemed to give way to 
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Rosa acteularis with increasing age of the Poputus 
tremulotdes community since plots of high cover of 
Symphortearpos oecidentalts and Rosawoodsti contained 
little or no Rosa acteularis. However, field differen- 
tiation of the two Rosa species was difficult. The 

lower average cover values of Rosa actcularts and Ribes 
oxzyacanthotdes found most commonly in association with 
large and hence older Populus tremulotdes indicated less 
struggle for dominance among shrubs. The shrubs had either 
found a more stable level of existence or they were loosing 
Ground to storbsad Table 7): 

The plant species found at Kinsella corresponded 
well with common species in the aspen BeneE Rane: Br of Moss 
(1955) both in the parkland and further north. Hilton 
(1970) working in the parkland at Kinsella distinguished 
four communities: small poplar, large poplar, poplar- 
willow and wet meadows or marshes. He did not separate 
small and medium poplar, however, his community types were 
subjectively delimited and used more for productivity 
Studies. In the Peace River area the closed forest con- 
tained many similar species to those in the parkland but 
also included species such as: Delphintum glaucum and 
Elymus tnnovatus (Jeffery, 1961). The aspen-willow 
forest had Populus tremulotdes as an understory to Salix 
bebbtana and associated species were Rosa actcularis, 


Fragaria glauca, Thalietrum venulosum, Symphortearpos 
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oeetdentalts, (similar to Kinsella) and Elymus innovatus, 
Aretostaphylus uva urst and Pulsatilla ludovictana. 
Bird (1930) found the main species associated with Populus 
tremulotdes in the aspen edge community in Manitoba 
were Symphortcarpos albus, Corylus americana, Prunus 
virgtntana, Rosa blanda and Viola canadensis. His mature 
aspen forest contained such species as Corylus americana, 
Cornus stolontfera, Viburnum opulus americanum, Rosa 
btlanda, Rhamus alnifolia, Symphoritearpos albus, some of 
which were not found in the parkland at Kinsella. 

The associations recognized in Montana (Lynch, 
1955), Minnesota and Wisconsin (Kittredge, 1938), and 
Michigan (Gates, 1930) were based on codominant and subdom- 
inant species not found, in the central) Alberta, parkland: 
some of the species were Osmorrhiza ocetdentalts, Acer 
saeccharum, Betula papyrtfera, Populus grandidentata, 


Pterts aquitlinas and Diervilla diervtltla. 
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II. Populus Growth Analyses 


From the results found one can safely conclude 
that the south-facing aspect and the position closest to the 
Slough edge were least favourable for the growth of Populus 
tremulotdes. Differences in tree basal area and height 
were attributable to aspect. Stoeckeler (1960) found aspect 
to influence Populus tremulotdes growth through its influence 
on water relations. A lower Site Index for Populus tremuloides 
on south and southwest aspects has been attributed to 
greater evapotranspiration on these aspects (Fralish, 1972). 
The oldest and tallest trees were located at a midslope 
position (position 4) which also had the largest basal area. 
There were, however, no statistically significant differences 
among the positions with the exception of the lowest position. 
The positive correlations of Populus tremuloides parameters 
with slope position and angle also confirmed this trend. 
Although basal area, height, age and diameters were least 
in positions one, young Populus tremulotdes trees were 
found in the Saltx community at the slough edge. This 
would indicate that Populus tremulotdes was indeed finding 
favourable habitat in increasing proximity to the slough 
edges. Whether or not the trees originated from seed or 
suckers was not investigated. However, due to the rather 


rigid requirements for seed germination (Moss, 1938) one 
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could expect suckers that originate in shallow, lateral 
parent roots (Gifford, 1966; Maini, 1968; Sandberg and 
Schneider, 1953) and receive nutrients and moisture from 
these roots, would have a better competitive advantage. 
seedlings, however, are more shade tolerant than suckers 
(Wiegle and Frothingham, 1911). The young trees at the 
upper edge of the groves seemed to present the opposite 
extremity in ecological conditions but sapling trees were 
found extending into both Symphoricarpos oectdentalis 
and grassland communities. These saplings could utilize 
soil moisture from the slough through connection of roots 
of individual trees within clones yet have the advantage 
Gf Goodjaceration. Many factors are felt to influence or 
stimulate suckering, including light (Sandberg and 
Schneider, 1953), removal of apical dominance (Steneker, 
1972), increased soil temperatures (Maini, 1960; Maini and 
Horton, 1966; Shirley, 1931) as well as age, vigor, root 
thickness and depth, soil aeration, vegetative competition 
and ecological disturbances (Maini, 1968). Which of the 
factors are retarding or stimulating sucker growth at 
either edge of the aspen groves is very difficult to con- 
clude. 

What also must be mentioned is that the sloughs 
arestending to dry up, (many had water only in (the centre 
Uno Lod wand, Nad oa, 7 eec oD .motOwlngG sOULs Inco the 


Carex spp. community where aerial photos of 1963 indicated 


standing water to the slough edges), and are thus themselves 
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providing a more favourable habitat to the Populus trem- 
ulotdes that was previously held back by excessive moisture 
levels. In Saskatchewan, Maini (1960) found Saliz spp. 

to be drying up its habitat through transpiration. 

The extension of Populus tremuloides into grass- 
land on a large scale over the past sixty years was not 
found in this study to be correlated with precipitation 
records. Recent studies (Bailey and Wroe, 1974) have shown 


invasions of Populus tremuloides into Festuca scabrella 


grassland to be related to high growing season temperatures, 


particularly during the month of June one and two years 
prior to establishment. Low May to September and annual 
precipitation two years prior to establishment were neg- 
atively correlated with rate of tree establishment. 
Although difficulty arose in distinguishing 
Saltx spp. from Populus tremutotdes on the aerial photo- 
graphs, a ring of Saltx spp. was accounted for in measure- 
ments and it was felt that the majority of the forest 
measured was dominated by Populus tremuloides in 1963. 
The early survey had a considerable area of Salix spp. 
delimited,however, by 1963 Populus tremulotdes was felt 
to be codominant in most of these areas. Hence, where the 
two were indistinguishable, it was felt safe to accord the 
area to Populus tremulotdes. Observations in the field 


Supported this conclusion. 


116 


The invasion rate in the Kinsella region, estimated 


as 7.6 m per km or 0.76 percent per year was considerably 
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higher than the increase found by Bailey and Wroe (1974) 
in central Alberta of 0.4 to 0.8 m per year and that of 
Maini (1960) in Saskatchewan of 0.3 to 0.8 m per year. 
However, Johnston and Smoliak (1968) estimated a rate of 
invasion of 0.75 percent per year in south-western Alberta. 
The climate of the latter area(Porcupine Hills) would be 
more similar to that at Kinsella than would the climate of 
ayes Soe area on the southern edge of the aspen 
parkland. The Porcupine Hills and the northern parklands 
receive more effective precipitation than the southern 
edge of the parklands. 

Previous studies have shown that factors 
retarding cr slowing the advance of Populus tremulotdes 
included fire (Buell and Cantlon, 1959; Hansen, 1949 and 
Maini, 1960), soil drainage and moisture (Ewing, 1928; 
Jeffery, 1961) exposure (Carpenter, 1935), soil nutrients 
(Aikman and Smelser,1938; Fuller, 1923; Maini, 1960) and 
cattle browsing and trampling (Johnston et al., 1970). 

All of these factors have a possible influence on spread of 
Populus tremulotdes outward from individual sloughs at 
Kinsella or on this portion of the parkland as a whole when 


compared to other areas of aspen parkland. 
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Soils under Populus tremulotdes were commonly 
poorly drained. In association with the increased soil 
moisture near sloughs was increased eluviation. Six 
main soil types were identified with the Humic Eluviated 
Gleysols being most common. The soil subgroups located 
at the lower break! of many slopes was apparently influenced 
by the action of ground water and root respiration that 
together resulted in recarbonation of B and even A horizons. 
There were frequently varying degrees of mottling associated 
with soils at the break in the slope. Soils of upper slope 
positions were variable due mainly to degree of slope and 
positicn on slope as related to surrounding topographic 
and drainage patterns. Depth to till and vegetative cover 
also influenced soil type. Leskiw (1971) noted that ele- 
vation of topography above the water table had less influ- 
ence on local recharge and discharge than might be expected. 
He felt the complex patterns of water movement suggested that 
local heterogeneities in texture and permeability of the 
parent material affected soil development. That the soils 
on upper slope positions were more commonly Dark Grey Cher- 
nozems than Black or Dark Brown Chernozems is evidence 
that the process of degradation and eluviation was occurring 
even where Populus tremulotdes trees were less than twenty 


years old. The Chernozemic soils were generally associated 
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with small and medium Populus tremulotdes while gley- 
Solic soils were found under large and medium Populus 
tremulotdes as well as under Saltz spp. communities. 
The eluviation of the Chernozemic soils was felt to be 
of recent origin (Pettapiece, 1969). Recent invasion 
by Populus tremuloides was also suggested by the cover 
comparisons of 1963 aerial photographs with the 1903 


land survey. 


In this study, no differences in soil phos- 
phorus, potassium, pH, sand or clay were attributable to 
aspect. Position on slope influenced soil phosphorus 
levels however. A negative correlation of soil phosphor- 
us with slope position was observed. The lower slope 
positions had significantly higher phosphorus. Lower 
phosphorus in upper slope positions was felt to be attri- 
butable in part to the presence of free lime. Many 
carbonated soil types were identified where there was a 
positive change in slope angle and above. The presence 
of the free calcium carbonate would increase the proportion 
of phosphorus present in the relatively insoluble form of 
Ca-P (Alexander and Robertson, 1968; Teakle, 1928). Since 
Ca-P was not found to be correlated with available phosphor- 
us (Alexander and Robertson, 1968) and the solubility of. 
Ca-P was depressed due to presence of Ca ion and Bey eee 
in the presence of OH- (Teakle, 1928), available phosphor- 


us in these soils would be less than in the more acidic 
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soils. Available phosphorus in the more developed soils 
of the lowest slope position would probably be in the Fe- 
P and A1l-P forms (Alexander and Robertson, 1968) or as 
phosphates released from the iron and aluminum fixation 
substances by hydroxy-organic acids (Dalton, Russell and 
Sieling, 1952; Struthers and Sieling, 1948). The move- 
ment and distribution of organic phosphorus can also play 
a significant role in the availability of phosphorus 

in the soil. The role of Populus tremulovdes in phos- 
phorus. availability is also a factor to be studied as indi- 
cated by the significant negative correlation between soil 
phosphorus and Populus tremulotdes parameters. 

Potassium levels were also found to be correlated 
with position on slope. Highest levels of potassium were 
found in lowest slope positions, especially in B horizons. 
Since potassium is released during the decomposition of 
organic matter, is easily leached and can be adsorbed to 
exchange sites on clay minerals, the mobile potassium ions 
would tend to move downward in the profile and accumulate 
in the horizons with greater clay content. 

It was not determined whether the potassium 
levels at lowest slope positions were high due to greater 
leaching at these moist sites or to larger amounts of 
potassium being released from decomposition of vegetation 


in the Salix spp. dominated community as compared to those 
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dominated by Populus tremulotdes and/or Symphorticarpos 
oeetdentalts . Availability of potassium seemed to be 
dependent upon degree of leaching, clay and organic 
matter content, vegetation type and slope position. 

The trend in pH was related to slope position, 
degree of leaching and calcium levels. Where moisture 
accumulated as at the slough edges, leaching was greatest 
and basic cations were moved downward leaving acidic upper 
horizons. While pH values of the small Populus tremulotides 
SsOils were probably a result of parent material and some 
downslope cation leaching, the low pH of Saltz spp. 

A horizons were probably a consequence of eluviation within 
the profile itself. The pH levels of soils of large 
Populus tremulotdes communities were probably closely 
related to the free lime content. Higher calcium levels 

at the break in slope were a result of recarbonation 

caused by fluctuating water table levels.? The variable 
nature of nutrient levels and soil textures among the groves 
showed the highly variable nature of the soil parent 
material in the study area. The nutrient levels could 

also be influenced by drainage patterns of the area, 
directly affected by the irregular topography of the humm- 


ocky morraine. 


Beerercs T.W. September, 1970. Personal communication. 
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The most moist soils were in close proximity to 
the slough. This was indicated by an analysis of variance 
as well as by ordinational representation. Only in June 
was the moisture of the Salix edge community significantly 
Gueaterethban Ehateort anymhignerspocitionsartiatr seewitnan 
the aspen groves moisture did not differ significantly in 
July and August. The lowest soil moisture for grasslands 
occurred in June while those for Popuius communities occurred 
in August. The grasslands have earlier snowmelt, warmer 
soils and earlier growth than the treed communities, deplet- 
ing water reserves earlier. Hotere as soils under forest 
cover can benefit in spring from heat conducted down tree 
trunks which melts the snow around the base and thaws the 
soil. Moisture then penetrates the soil instead of running 
off over frozen ground (Vil'yams, 1968). Forest soil is 
permeable even when frozen because it has many non-capillary 
pores remaining open after the water in capillary pores 
has: frozen: (Lutz and: Chandler;,1946). | in, August the 
differential water use between forest and grassland (Brown 
and Thompson, 1965) became apparent. In 1970 soil moisture 
in the grassland was greater in August than in June while 
the moisture values for Populusa.communitLlestwere consider-— 
ably lower@ingAugust than lin dunes autThetgrassy thi litops 
generally had the lowest soil moisture values but on the 


East and West aspects of groves ten and three, soil moisture 
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in August in the Populus tremuloides communities was less 
than that of the adjacent grassland communities. It would 
seem that the woody vegetation transpired much more water 
than did the grassland under the stress of high daytime 
temperatures of late summer. Since the greater reserves 
of moisture were found in the sloughs, one effect of the 
greater transpiration of woody vegetation would be to draw 
moisture from the sloughs, causing these to slowly dry up. 
This seemed to be in effect in the study area where both 
young Salix spp. and Populus tremulotdes were found growing 
far out into the slough itself, in spite of a series of 
wet years in the parkland from 1966-1972 (Environment Canada, 
1966-1972). 

Some authors (Lutz and Chandler, 1946 and Shul'gin, 
1965) have observed that exposure and degree of slope 
influence soil temperature. In this study, soil temperature 
was not influenced substantially by aspect for the periods 
of measurement. No major differences in temperatures were 
found among positions directly beneath Populus tremuloides. 
There was a lack of relationship between soil moisture values 
averaged over all horizons and temperature values at a 15 cm 
depth. In fact the correlation coefficient for moisture 
with temperature was r=-0.28 and was not significant 
(ae WOLD EA Only very generally could one say that soil 


moisture increased from grassland to slough edge while 


ee OP ky 


eeit'inie eetziewinnge | bi 
Stow at L chasdaniale i od nis) xe 
aga Ww) god pote S" solace Re, Ligte adi aa , r 
out! ‘sunt dyin Sa anes a ‘ous et ball be 
Psyto get Yerobaxy ets re a eames 
add “t0 WSkbS tho Tagua” oats" va Phy 
ah of o¢ fier morsns repay wooo ‘ar Ad EAR hates Z 
 shyes saree PWOk® cb Seats" peitaues” (ate Re edz hand 


a eee eee ae sate i ree aif: oa oF. ‘acon 28 
t 


pa beaten: epee ) wet dibbunets ‘aud eee fen “92° sii8t 
‘fo splsee. a te wtdas od , Least yoo: ang wt 


mabe aia! 


‘4 hi x 
Ee ~ ; 


, 
cok 
wo - 


vial i a Saw ene Peet: cresmadec aot) bas fies iss “at. e189 
ae i | ee Pr - _s ar ol %) i, P Ps a : 
i | %. 1 fa Ae ingh 


é pape | 
ate aaa Bi 1B o AGA » te Shae Bue ee Lie? celal ammo y ae a ) 


eqele ° “0 ppayh bis “Su ees prt bev abatlo) oy pit e 

wis rm sigaes3 ‘thee oybbys. ‘stda a oes 3 gered L2g8 89mm 
rhebieg sat 10) oedyqa ft tise lied baat oft 
stave. #2 Spesncgiied it sieanransie-wot 
tohiglumesy stipe Aannciog iiioestt dots 
ecu Lary siwtebod: fie ft 


> tie as' aooshv 


temperature decreased. Soil temperatures on all slopes in 
July and August were fairly close in value but those for 

June were consistently lower than in the later months. Soil 
moisture values in July were generally highest while those 

of August were lowest. More than two years data are necessary 
to make any definite predictions for moisture-temperature 
relations at Kinsella. 

The great variability in snow depth within aspen 
groves was probably due to the variability in topography 
surrounding and within a grove. The effect of surrounding 
hills, shrub patches and aspen groves on drainage and on 
wind would influence soil moisture and snow depths. Soil 
moisture was influenced to some degree by snow depth, as 
the correlation between June moisture and average snow 
depth was highly significant. Further study on winter 
snow conditions may help to explain soil moisture regimes 
during the growing season. 

Soil nutrient levels appeared to be related not 
only to soil reaction and topography but to growth of 
Populus tremulotdes. Grove eight which had the highest 
levels of phosphorus and potassium and most acidic soils 
also had the youngest Populus tremulotdes trees and lowest 
basal area. Grove two with lowest phosphorus levels had 
the oldest Populus tremulotdes trees. A significant negative 
correlation occurred between Populus eehaee: dae basal area, 


height and age with soil phosphorus and potassium. Dormaar 
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and Lutwick (1966) observed that total and organic phosphorus 
decreased in the soils sequence from Black Chernozems to 
Dark Grey Luvisols in Southwestern Alberta. With the 
advance of trees, both soil nitrogen and organic phosphorus 
were found to decrease (Lutwick and Dormaar, 1968). Since 
Populus tremulotdes leaf fall is high in silica, iron, 
aluminum, calcium, potassium oencee 1964), nitrogen 
andaphosphoruss (Daubenmire, 1953), themlargests adattaonsmto 
the soil would be expected to come from the small Populus 
tremulotdes trees in upper slope positions due to dense 
growth habit. However, the high levels of phosphorus and 
potassium were found instead under the Salix spp. community. 
Does Populus tremulotdes decrease levels of soil nutrients; 
does the Saltx spp. community add an even greater amount 
Ofmnutrients through, leafitall; orearcephysi cal sor cnvi rons 
mental factors playing the dominant role in determining 
nutrient levels? 

Wilde and Zeher (1948) in Wisconsin, observed 
aspen growth to be best on sandy soil but no positive 
correlation of Populus tremulotdes basal area, height or 
age with sand was found in the present study. Correlations 
of Populus tremuloides growth (as measured by site index) 
with soil texture were found by other researchers (Meyer, 
1956; Stoeckeler, 1960; Voigt et al., 1957) but were not 
indicated in this study. Stoeckeler (1960) felt, however, 


that in areas having lower rainfall than Minnesota, i.e. 
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central Alberta, slope, aspect and exposure would be of 
greater importance than silt and clay content of soils. 
Although no correlation of Populus tremuloides growth with 
PH was observed, grove eight with the most acidic soil did 
have the least basal area of Populus tremuloides. Stoeckeler 
(1961) found for the Lake States the Populus tremuloides 
Site index was greater on lime soils than on acidic soils. 
Clonal differences in Populus tremulotdes growth may also 
have contributed to differences in Populus tremulotides 
growth among groves (Zahner and Crawford, 1965). In this 
study, growth of Populus tremulotdes seemed most favoured 
in upper slope positions away from slough edge, where slopes 
were steeper and soils were lower in phosphorus and pot- 
assium but had good depth of B horizon. 

Degradation of chernozemic soils by advance of 
Populus tremulotdes was observed by several authors (Petta- 
piece, 1969; St Arnaud and Whiteside, 1964; Dormaar and 
Lutwick, 1966). This included decreased depth of the 
Ah horizon, increased litter layer, decreased pH, develop- 
ment of an impoverished, platey Ae, development of a more 
textural B and a decrease in nitrogen, phosphorus and lime 
accumulation. 

The processes of podzolization or eluviation that 
are associated with forest vegetation cause the movement 
of organic materials and sesquioxides from upper horizons 
into B horizon. The mechanism of organic metal complexes 


that precipitate out in lower horizons due to oxidation, 
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destruction of the ligands or loss of ligand effectiveness 


with time, has been used to explain the migration of Fe, Al 
and Mn ions (Bloomfield, 1954; Crawford, 1965; Kaurichev 
and Nozdrunova, 1969; Schuylenborgh, 1965; and Stobbe and 
Wright, 1959). St Arnaud and Whiteside (1964) found no 
Significant increase in nitrogen or organic carbon in the 
layer of greatest iron accumulation and felt that the 

role of Organic matter could not be definitely understood. 

The gradual change in soil subgroups with the 
increasing age of Populus tremuloitdes indicated the be- 
ginning of eluviation of soils under the Populus tremu- 
lotdes community. However, the development and chemistry 
of the soils in mid-slope positions (correlating to oldest 
Populus tremulotdes trees) seemed to be also directly 
related to topographical infiuences. 

The correlation analyses reinforced the results 
of vegetation and soil analyses. However, the lack of 
normality in distribution of species canopy coverage, and 
many of the soil and topographical parameters would cause 
some obscurity in relationships (Goodall, 1973). The 
correlations of species cover with soil and topographical 
parameters can only be broadly assessed as falling into 
two groups, an upland and a lowland group. A negative 
or positive correlation to one or two of the characteristics 
did not automatically ensure the same correlation to 
remaining characteristics of the group. “A summary of the 
relationships found within the aspen groves can be seen 


by the following profile diagram (Figure 20). 
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SUMMARY 


The study was conducted at Kinsella in the aspen 


parkland of east central Alberta from January 1970 to Novem- 


jeer, Reale The objectives were to investigate interrelation- 


ships of vegetation, soil and topographical factors within 


the aspen groves. Invasion of Populus tremulotides into 


grassland was also examined. 


i: 


The reconnaissance study was undertaken in the 
summer of 1970. Canopy coverage data were 
collected in four groves uSing plot frames and 
overall visual estimates of species cover in 
stands. Representative soil pits were dug in 
two groves and soils were classified and sampled 
for nutrient analysis. Soil moisture and 
temperature samples were taken in June, July 


and August. 


Cluster analysis of the vegetative data showed 
clusters differentiated predominantly on the 
basis of seven species: Populus tremulotdes, 
Saltx spp., Symphortcarpos occtdentailts, Rubus 


strigosus, Carex spp., Poa spp., and Rosa spp. 
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Many single plot clusters were left in each 
grove analysis. One cluster type was found 
repeated in walt six oroves mutnicawasecmall. 
medium Populus tremulotdes/Symphoricarpos 

oectdentalis. When clusters were ordinated, 
the X axis was interpreted as (a) a moisture 
gradient, (b) a gradient of increasing posi- 
Elon upslope from the slough edge and (c) a 


Successional gradient. 


Plot ordination separated the four main community 
types of small, medium and large Populus tremu- 
lotdes and Saltx spp. communities. Distances 
between the communities indicated their relative 
dissimilarities. The ordination program was 
based on an index of dissimilarity which was 
influenced by the number of species comparisons 
between two plots and the actual cover values 

of species. The many species occurring frequently 
throughout the aspen groves reduced dissimilarity 
indices. However, the separation of Populus 
tremuloitdes with its high cover values into three 
size classes meant that for many plot comparisons, 
it was possible to have two; species af high cover, 
each occurring in .wnly one, of the ucwor plots and 
thus both species contributing their actual cover 


values to the index. The result of indentifying 
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Populus tremuloides by size classes was the 
separation of plots almost solely on the basis 
OE twor factors—-Populus tremulordes diameter 
Size class and presence or absence of Saltx spp. 
When Populus size was not differentiated, the 
large Populus tremulordes pilots didenet, form 

a definitive group, but remained as intergrades 
between the Salix spp. and smaller Populus trem- 


ulotdes. 


The more commonly occurring species found in the 
aspen groves included the forbs: Galium boreale, 
Taraxacum officinale, Vtola adunea, Fragarta 
virgintana var. glauca, Viteta amertcana, Lathyrus 
ochroleucus and Anemone canadensts. The common 
shrubs were: Rubus strtgosus, Symphortcarpos 
oectdentalts, Rosa woodstit and Rosa actcularts; 
the sedges were: Carex atherodes, Carex pratrea 
and other less common Carex species. The under- 
story species showed habitat preferences in terms 
of association with Saltx spp. or with Populus 
tremulotdes. A few species common to the wetter 
habitat under Saltx spp. were not found in small 
or medium Populus tremulotdes community types; 
however, nearly all of the species of the latter 
habitats were also found closer to the slough 


edge. The most species rich communities occurred 


between the edge of the slough and the break in 
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Slope. This region was felt to represent a zone 
of fluctuating water levels that presently 
favoured succession towards Populus tremulotides 


dominance. 


The south aspect was least favourable to Populus 
tremulotdes growth, represented by basal area, 

height and age. Only the position nearest 

the slough edge was statistically different 

from other positions with respect to growth 

of Populus tremultoides. The most favourable position 
was position four, generally located just above 

or at the change in slope curvature and degree, 

where soils were lower in phosphorus and 


potassium than down slope positions. 


Invasion of aspen into grassland has been sub- 
stantial over the past sixty years. A comparison 
of 1903 land surveys and aerial photographs of 

1963 showed an increase of 7.6 m per km per year 

in the Kinsella region of the parkland. Judging 
from a number of factors: (a) slightly higher 
soil temperature in the Symphortcarpos oecctdentalis 
communities (favouring suckering), (b) insignifi- 
cant moisture differences between aspen forest 

and Symphoricarpos occidentalis community and 

(c) number of young saplings (suckers) growing 

at a distance from the groves' edge, one can assume 
that this invasion by Populus tremulotdes will 


continue in the future. 
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Six main soil types were identified, with the 


most frequent being the Humic Eluviated Gleysols. 


Phosphorus levels were lowest under large Populus 
communities and highest in soils beneath Salix 
spp. communities. These levels were felt to 

be related to free lime in the soils under Populus, 
and to clay and organic matter content in the soils 
under Saltx spp. Soil potassium content increased 
downslope in a regular fashion. The greatest 
difference in pH was noted for the soils beneath 
large Populus, in which the apparent presence of 
redeposited lime resulted in increased pH levels. 
No differences in soil phosphorus, potassium, pH 
or texture were attributable to aspect, but 
Significant differences were attributable to slope 


position. 


Soil moisture was found to increase from grass-~- 
land to slough edge but there was less than a 
five percent difference in moisture content among 
soils within the aspen groves. Soil temperature 
showed less than one degree difference among 
positions within the aspen groves in June, July 
and August, 1970, 1971. No relationship was 
found between soil moisture and temperature, 


probably due to differences in sampling depth. 


oegt 7 
t ul ; 
: om ’ az Pees ee 
its “tw the is atum xe", T 
be re te ip 


ai 45 a ‘satan the & eorsceaueensy ce i 


on praeend ey ‘ 
ae ie 
an ; 


all a 


ek hy a eel 


ie Abe 
as aay 50! 


uabasit ligted. ephaw sell peo i 
= ilag, ideened Aiton ahs aH oe: 

a phe Sug uloeol, comical 

manta HM cnQaetlin sie party, ad ne 

Ce ee oo 

imo cose. Sb Sriie! pebeen dou" Liwe ay 1am, ig) 7 
igevnsoy od? ahoidae? aatuger, 5 @ aot 


agen si? Seg on male Reg foiacacinn 2 a 
Aa 


10. The species were divided into upland and 
lowland groups in the correlation matrix. 
The upland group consisted of species having 
positive correlations with slope position and 
degree of slope (angle), and negative ccrre- 
lation with soil phosphorus and potassium. 
These upland species alsc showed numerous 
positive correlations with Populus tremutloides 
parameters. The lowland group of species 
yielded negative correlations with Populus 
tremulotdes parameters and indicated associ-~ 
ation with low, gently sloping to level 
topographical position in which soils were 


higher in phosphorus and potassium. 


Significant correlations were found to exist among 
soil nutrient and Populus tremulotdes growth parameters, 
however, the interaction of topographical factors prevented 
definition of any cause-effect relationship. Further 
studies may elucidate more exactly the influence of 
Populus tremulotdes and associated vegetation on soils in 


the east central Alberta parkland. 
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APPENDIX 1 


Mean Cover Values of Important Species in the Main Community Types 
Racognized in Grove Two, 1970. 


m Potr/ Amal| 1 Potr Salizx/|s Potr/ 
Syoc(Rowo) (Saliz)/| Carex Carex 
(Calspp.) 


Community Type s Potr/ 


s Potr/'4) 
Syoc(Rowo) 


Syoc 
{Rowo) 


No. Samples 


Species 


Festuca 


ecabrella 'P) 


Elaeagnus 


commutata 


Agropyron spp. 


Amelanchier 
atnifolta 


Smtlacina 
etellata 


Populus 
tremulotdes 


Rosa actcularis 


Symphortecarpos 
occtdentalis 


Vtola aduneca 
Rosa wocdsit 
Galtum boreale 


Ribes 
oxyacanthotides 


Victa 
amertcana 

Fragaria 
virginiana 

Arenaria 
tateriflora 


Taraxacum 
officinale 


Carex spp. 
Rubus strtgosus 


Anemone 
canadensts 


Salix spp. 
Aster hesperzus 
Poa palustris 


Pyrola 
elliptica 


Stachys palustris 
Mentha arvensts 


Seutellarta 
galericulata 


Calamagrostis spp 
Sonchus arvensts 


Ranunculus 
macountt 


Geum allepioum 


oo 


& 
This community type is a combination of sg Potr/Syoce (Rowo) at grove edge and s Potr/ 
Carex at slough edge and ig included as a representative of the small Potr type 


recognized by the computer. 1.€. this community type helps explain the position of 
small Potr on the X axis, relative to position of Salix and m Potr types. 


vOniy those specics with five percent mean canopy coverage in at least one community 
type are included in Appendices 1 - 4. 
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APPENDIX 2 


Mean Cover Values of Important Species in the Main Community Types 
Found in Grove Three, 1970. 


Community Type S Potr/| mPotr/|1Potr/Syoe |1Potr Saltx(s Potr)| Salix/Rust/ 
Syoc Syoe | Carex(Ag sp.)|(Saliz) Rust/herb Carex(Poapa) 
Syoe 
—er 
Species Code 

Astragalus spp. As sp. il, 5 1 

Festuca scabrella Fese 23 2 26 1 
Shepherdia 

canadensis 


Smtlacitna stellata 


Galtum boreale 


Populus tremulotdes 7 
Symphoricarpos 

ocetdentalts 7 
Rosa woodstt 1 
Agropyron spp. 3 
Aster laevis 1 
Ribes 

oxyacanthoides 3 
Achtilea 

mtllefolttum sl 
Arenaria 
tateriflora 1 
Viola adunca 1 
Fragarta 
virgintana 23 
Anemone canadensts Ly 
Taraxacum officinale 15 3 
Rubus strigosus 5D. 
Carex spp. 85 
Poa spp. 62 
Geum allepicum Bis) 
Stachys palustris 15 
Stetlaria 
longtfolta 10 
Bromus ctliatus 5 
Pyrola ellipttca 1 
Pyrola asartfolta 1 
Saltz spp. a7 
Aster hespertus i) 
Epttlobium 
angusttfoltum 7 
Soutellarta 
galericulata 7 
Calamagrostté 15 
Potentilla 
ansertina sia 
Cirsium arvense 7 
Mentha arvenste 15 
Sonchus arvenats 18 
15 


Corex atharodes 
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APPENDIX 3 


Mean Cover Values of Important Species in the Main Community Types 
Found in Grove Four, 1970. 


Community Type s Potr/|m Potr/}| 1 Potr/ Salizx(l Potr)/ Sattz/ Syoc/ 


Syoe Syoe Syoe Carex (Cal sp.) Carex Carex 
No. Samples 4 5 2 1 


Species 

Festuca scabrella Fese 14 
Elaeagnus commutata | Eleo 5) 1. 
Amelanchter 

alnifoltia Amat 4 29 9 

Lathyrus venosus Lave 4 7 7 

Galtum boreale Gabo 6 2 3 
Viola adunea Viad 5 9 2 st, 

1 Phattietrum 

venulosum Thve 1 7 9 1 
Rtbes 

oxyacanthotides Rtox 1 15 1 
Rosa acteutlarts Roae 7 f 
Populus tremulotdes | Potr WEL 90 85 2 15 
Symphortearpos 

oectdentalis Syoce 74 $2 61 26 38 
Rosa woodsit Rowo 26 41 27 15 15 
Smitactna stellata Smst 2 7 2 i 3 
Arenartia 
' lateriflora Arla 5 2 2 2 af, 
Agropyron spp. Ag sp. abs! 2 1 15 
Pragarta : 

vtrgintana Frvt 8 2 5) 9 3 
Anemone canadensis Anca jj 5 7 9 9 cK} 
Taraxacum 

offictnale Taof 1 at a 3 15 
Carex spp. Carex AM 730 19 85 85 
Rubus strigosus Rust aS, 16 9 20 15 
Poa spp. Poa spp. 4 1 38 38 
Cornus stolontfera } Cost “) 8 3 
Saitzx spp. Satta 19 ak 3 
Aster hespertus Ashe 1 8 5 
Stachys palustrte Stpa 15 i5 
Geum allepicum | Geal 9 3 
Calamagrostis spp. Cal spp. 33 

Carex atherodes 15 15 
Mentha arvensts 15 3 
lonstratta 15 3 
Sonchus arvensta 8 
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APPENDIX 4 


Mean Cover Values of Important Species in the Main Community Types 
Found in Grove Ten, 1970. 


s Potr/|mPotr|1Potr | s Potr/ (a) sPotr/ | Saliz(1 Potr) | Saliz/ 
Syoe Syoe Carex Rust/Carex Caath 


age cs es (a 


Community Type 
No. Samples 
Species 
Galtum boreale 


Viola adunca 


Smtlactna stellata 


Lathyrus 
ochroleucus 1 
Ribes 
oxyacanthotdes 3 
Populus tremulotdes 8 
Symphortecarpos iz { 
oectdentalts 3 i 3 
Rosa woodsit 3 15 
Fragaria 
virginiana 3 ! 3 
Taraxacum 
officinale 15 
Anemone canadensis 15 t 
Rubus strigosus 63 ! 15 
Carex spp. 6 | a5) 
Arenarta ry 
tateriflora 1 | 3 
Saltz spp. 63 | 98 
| 
Stachys palustris 2 15 15 
Rosa acicularts 6 &! WS} 
Geum alleptecum 2 15 3 
Poa palustris 7 38 15 
Aster hesperius 4 15 3 
Mentha arvensis 4 15 154 
. Sonchus arvensis 1 15 3 
Carex atherodes 3 15 63 
Calamagrostts spp. 3 15 
Stetlaria 
longifolia 3 15 


@ whis s Potr/Syoe is the community resulting from a combination of s Potr/Syoe at grove 


edge and s Potr/Caremr at slough edge. It is this median community calculated by the 
computer that helps to position the small Potr plots on the X axis between Salix and medium 


Potr instead of at the end most distant from Beybitee 
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APPENDIX 5 


Mean Cover Values (%) for Important Species in Secondary Clusters 
of Grove Two, 1971 _ 1971 


ci pearls i at also 


(a) 


Vtola adunca 
Rosa woodstt 72a 
Pyrola 
asartfolica 
Shepherdia 
canadensis 
Ametanchter 
_alntfolta 
Thatitetrum 
venulosum 


Ribes 
oxyacanthotdes 


Populus 
tremulotdes 


Symphortearpos 
occidentalis 

Rubus 
strigosus 
Calamagrostis 
Spp. 

Carex spp. 


Rosa 
acteularts 


Saltz spp. 


Populus 
balsamtfera 


Poa spp. 


Mentha 
arvensis 


Carex 


atherodes 37 


Sonchus 
arvensets 


(2) species with 10 percent canopy cover in at least one plot. 
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APPENDIX 7 


Mean Cover Values for Important Species in Secondary Clusters 


Plot Number 


Species 


Cornus (a) 
etolonifera 


Rosa 
actcutaris 


Rosa woodstt 


Lathyrus 
venosus 


Thalictrum 
venulosum 


Ribes 
oxyacantnotdes 


Amelanchter 
alntfolta 


Populus 
tremulotdes 


Symphortcarpos 
occidentalis 


Carex Spp. 
Poa spp. 
Rubus strtgosue 
Rubus pubescens 
Calamagrostts 
Spp. 
Saltz spp. 
Fragaria 
virgtintana 
Poa 
palustris 


Aster 
hesperius 


Sonchus 
arvensts 


Stellaria 
tongtfolta 


Stachys 
palustris 


®only species with 10 percent canopy coverage 
one plot are included. 
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APPENDIX 9 


Mean Cover Values for Important Species in Secondary Clusters 


of Grove Eight, 1971. 


neem |=] *[|=]™]=[«[*][| | =] »] a 


Species 


Elaeagnus ' 16 
commutata ‘@) 


Viola adunca 29 
Agrostis scabra 12 


Festuca 
ecabretla 86 


Amelanchier 
atntfoltia 


Rtbes 
oxyacanthotdes 


Fragarta 


virgtntana 79 44 Li 


Rosa woodstt 15/| 


Thaltcturm 


venulosum 35 11 


Populus 
tremulotdes 98 98 sg 


Symphortearpos 
occidentalis { 10 
Cares: spp. 24 49 22 


Taraxacum 
offtctinale 


41 68 55 
56 33) 15 


Poa 
' palustris 
Rubus strigosus 29 


Rosa actculartse 10 


Lathyrus 


ochroleucus 38 
Salix spp. 


Carex atherodes 


——. 


®only species with 10 percent canopy coverage in at least one plot are included. 
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APPENDIX 12 


Mean Cover Values (%) of TRO CC AnC AE, Species of the Six Main Clusters, 1970. 


NR REE ESRB SR pS RR A A A 


Cluster number 5 1 4 2 6 3 

Cluster sPotr(b) s,mPotr/ 1Potr lPotr Saliz(s,lPotr)/ Salix/Rust/ 
/Syoe/ Syoe(Rowo) (Saltx)/ Ruet/Carex Carex 
Fesc Syoe (Poa spp.) 
N= 2 27 2 7 2 4 
Species Code 

Festuca 

scabrelia Fese 38.0 18 
Amelanchier 

alntfolta Amal 7.5 1.3 1.5 0.6 

Galtum boreate Gabo 15.0 Ses 2.0 \eal 

Thalictrum 

venulosum Thve 0.5 1.9 8.0 Qn 
Pyrola 

asartfolia Pyas 0.5 1.1 8.0 PSS) 0.7 
Agropyron spp. 4g spp. 26.5 Ao”: 15.0 0.4 252 
Symphortcarpas 

eccidentalie Syoe 74.0 57.7 63.0 9.3 2.0 14.7 
Populus 

tremuloides Potr 98.0 QT 85.0 67.6 38.0 5.5 
Rose wocedstt Rowo 15.0 36.3 26.5 11.1 2.0 4.7 
Viola adiunea Viad 9.0 7.9 9.0 1.0 0.5 0.7 
Ribes R 

oxyacanthoides Rtozx eS 1.4 8.0 9.0 2.0 yea, 
Carex spp. Carex 15.0 16.4 9.0 34.7 63.0 85.0 
Geum allepicum Geal 0.5 0.6 1.0 hoeh 9.0 15.0 
Anemone : : 

Canadensis Anca als }iyis) 6é.8 2.0 3.7 9.0 1260 
Taraxacum 

offictnale Taof Sod)” 1.6 3.0 3.4 15.0 12.0 
Fragarta 

virgintana Frvt 26.5 7.4 9.0 6.6 3.0 thoy 
Poa spp. Poa spp. Yass 0.8 0.5 56.0 
Smilacina a7 ; 

stellata Sinet Lee) 8.0 4.7 0.5 
Rosa aetcularis Roac Dien! 7.5 Poel 5.0 One 
Stachys 

palustrte Stpa 0.4 1.0 Mok 15.0 15.0 
Saltz spp. Saltz 1.1 50.5 17.7 50.5 82.2 
Aster heepartus Ashe 0.4 Ihe) 3.4 15.0 GigE) 
Rubus etrigosus Ruat 15.9 15.0 13.3 3970) 50.5 
Sanchue 

arvenate Soar 1.0 9.0 aire 
Carex atherodea Caath 7.6 7.5 15.0 
Mentha arvensts Near 4.9 15.0 15.0 


ee nent ie ntti A a ar gama Ama 


species with greater than five percent mean canopy cover in at least one cluster. 


bpopulue tremuloides size classes a ~ smail 0 ~ &.9 cm DBH; 
m ~- mediun 9,0 - 17.8 cm DBH; 1 - large yxeater than 17.8 cm DBH, 
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